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Introduction to NHDPIus

NHDPIus is an integrated suite of application-regdgspatial data products, incorporating many
of the best features of the National HydrographyaBeat (NHD), the National Elevation Dataset
(NED), and the National Watershed Boundary Dat@é#BD). NHDPIlus includes a stream
network based on the medium resolution NHD (1:100,8cale), improved networking, feature
naming, and “value-added attributes” (VAA). NHDPIludso includes elevation-derived
catchments produced using a drainage enforcemehnitpie first broadly applied in New
England, and thus dubbed “The New-England Methdtis technique involves enforcing the
1:100,000-scale NHD drainage network by modifying NED elevations to fit with the network
via trenching and using the WBD to enforce hydradodjvides, and applying sinks in non-
contributing areds The resulting modified digital elevation model§M) was used to produce
hydrologic derivatives that closely agree with Mt¢D and WBD.

The VAAs include greatly enhanced capabilities @gstream and downstream navigation,
analysis, and modeling. Examples include rapidlyieeing all NHDFlowline features and
catchments upstream of a given NHDFlowline featw&ng structured queries rather than
slower traditional flowline-by-flowline navigationsubsetting a stream level path sorted in
hydrologic order for stream profile mapping, anaysind plotting; and calculating cumulative
catchment attributes using streamlined VAA hydraasgquence routing attributes. VAA-based
routing technigues were used to produce the NHDRBttroutes such as cumulative drainage
areas, temperature, and precipitation distributiofiisese cumulative attributes are used to
estimate the NHDPlus mean annual and mean morntivyestimates and velocities.

NHDPIlus is built from static copies of the mediuesalution (1:100,000-scale or better) NHD,
the 30 meter NED, and the WBD. These three ddtaase constantly changing, therefore the
snapshots of NHD, NED and WBD that are used taddWHDPIlus are included in the NHDPIlus
data. Unlike NED and WBD, the NHD is extensivatyproved by the NHDPIlus team during
the NHDPIlus build process. While these updatesteadiy make their way back to the central
USGS NHD central repository, this does not happgor po distribution of NHDPIlus, in part,
due to the need to release the NHDPlus as soorossibje. The NHD, NED and WBD
snapshots, included with NHDPlus, may not be upbdig users with the intent of sending
updates back to these national databases. EB® isteward for the medium resolution NHD
and updates to this data may be sent to EPA. d@pdatNED and WBD should be directed to
the respective national stewardship programs speddry USGS.

NHDPIlusV2 benefits from over six years of NHDPIluside. Feedback and updates provided
by a diverse and engaged NHDPIusV1l user commundgtributed to many of the
improvements found in NHDPlusV2. As a result, NHIB¥2 is a more robust and
sophisticated suite of geospatial products. Uaessencouraged to first familiarize themselves
with NHDPIlusV2 through this guide, other user doeatation and training materials, and
consultation with other NHDPIlus users. We welcodescriptions of your applications that

! An interdisciplinary team from the U.S. GeologiGairvey (USGS) and the U.S. Environmental Protactigency
(EPA) found this method to produce the best-qualgseement among the ingredient datasets amongtioeis
methods testedhttp://pubs.usgs.gov/sir/2009/5233/




might be shared with this growing user communityotiyh the NHDPlus web site. The
NHDPIlus team is always available to discuss yoptiegtion ideas and questions.

Additional information, tools, exercises, trainiogportunities, news, and the latest NHDPIlus
data can be found attp://www.epa.gov/waters




NHDPIus Version 1 (NHDPIusV1)

NHDPIlusV1l was released in 2006 and for six yearquiaed a large and diverse user
community. Many applications have been developexurad the unique characteristics of
NHDPIlusV1 and some of these applications are lagktid on the NHDPIlus web page. The
NHDPIusV1 data, documentation, and training malerieontinue to be available in the
“NHDPIusV1 Archive” section of the NHDPlus web page

The remainder of this document is dedicated to NHBP/ersion 2 (NHDPlusV2). For
additional information about NHDPIlusV1, see the ‘DIiMus Version 1 User Guide” located in
the “NHDPIusV1 Archive” section of the NHDPIus wsibe.



Overview of NHDPIlus Version 2 (NHDPlusV?2)

During 2010 and 2011, the NHDPIlus team re-engirtedére NHDPIlus Build/Refresh Tools in
preparation for the creation of the NHDPIusV2 datasrhe four primary goals of the NHDPIus
Build/Refresh Tools are (1) to enable the refreghii NHDPIlus as the input datasets are
improved, (2) to provide a refresh capability tisatimely and cost-effective so that NHDPIlus
can be refreshed more often, (3) to improve the RKWB components through the use of more
sophisticated techniques for hydro-enforcement #o estimation, and (4) to enable the
building of NHDPIlusV2 from more detailed input dsgés, such as high resolution NHD and 10
meter NED.

In conjunction with the development of the NHDPRsld/Refresh Tools, the NHDPIlusV1 data
model was enhanced to create the NHDPIlusV2 dataeimodhe new data model reflects
improvements identified since 2006 from NHDPlus\fiplecation development activities by the
growing NHDPIlus user community. The first majtvange in NHDPIusV2 data model is the
division of the NHDPIlus data structure into “coredmponents and “extended” components.
The concept is to create a set of “core” data comapts that are the direct results of integrating
the three primary source datasets: the Nationarétyraphy Dataset (NHD), the National
Elevation Dataset (NED), and the Watershed BounBetaset (WBD). All other components
of NHDPIlusV1 and some new NHDPIusV2 componentstlaeeresult of extending the primary
source dataset integration and are classified @®rided” components in the new data model
(e.g. flow estimates, catchment attributes, andumctated attributes). It is envisioned that
additional NHDPlusV2 “extended” components will tone to be built in the future by the
NHDPIus team and user community.

This document is intended to provide users withuaderstanding of the format and content of
NHDPIlusV2, how it was built, and how to use theadat
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Highlights of How NHDPIlusV2 Differs from NHDPlusV1

Many improvements have been incorporated into NHBY2. These improvements include
better input source data, better procedures fddimgi NHDPlusV2 and additional components
to enhance the application and utility of NHDPlusV2Details about the NHDPIlusV2
improvements are discussed throughout this guidpeaally in Appendix A where the
NHDPIlusV2 build process is described. The procsssl to produce NHDPlusV2 catchments
refined and improved upon the basic process usedH®PIlusV1 catchments

Improved NHD Data — Like NHDPIlusV1, NHDPIusV2 uses the medium regsotu NHD
(1:200,000-scale) data from the USGS NHD datahatse:f/nhd.usgs.goy/ Extensive updates
were made to the NHD data in preparation for bnddNHDPIlusV1 and those updates were
returned to USGS for processing into the NHD dateldzetween January 2006 and December
2009. In April 2010, the NHD data was again exeddrom the NHD database to begin the
edits that were made in preparation for building INMusV2. These edits included the
connection of thousands of isolated networks tikegted in the NHDPIlusV1. In addition, other
NHD edits included correcting flow routing and cdioiate ordering issues and adding spatial
detail to the network using high resolution NHD anthgery. Many of these edits required
changes and additions to the NHD geometry. Theviotg types of edits were performed to
improve the NHD snapshot used for NHDPlusV2:

» Isolated networks connected using geometry fronhible resolution NHD data
or features digitized from imagery,

» Detail added to the NHD network using geometry fittwn high resolution NHD

data or features digitized from imagery,

Stream and waterbody names added,

Name placements corrected,

Lake features added,

Lakes split by quad map lines merged,

Real sinks (non-contributing areas and networksdhain into the ground)

identified,

Duplicate geometry removed,

Small network gaps closed,

Great Lakes drainage connected, and

ReachCodes migrated to agree with the February WRBR.

11



Improved WBD Data — Using WBD boundaries to create walls as part led hydro-
enforcement during NHDPlusV1 processing was shown gteatly improve catchment
delineations, especially in flat terrAin As shown in Figure 1, NHDPlusV1 used WBD (circa
2005) boundaries for ten states and Puerto Ridontbige certified as complete at that time.

State-certified WBD

[ ‘ States where certified
WBD was not available
at time of NHDPIlus
production

Figure 1: 2005 Watershed Boundary Dataset

NHDPIusV2 has incorporated the now-completed WBDthe conterminous U.S. (Figure 2).
New information included with the WBD on closed ibasystems was also utilized in

NHDPIlusV2 as an aid in placement of sinks (see AdpeA, Steps 16, 17, and 18 for a
description of the use of sinks in NHDPlusV2.).

AL RESOURCES CONSERVATION SERVICE

i‘;\%m
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Figure 2: 2012 Watershed Boundary Dataset

Improved NED Data - NHDPIusV2 has incorporated updated elevatioma diam the National
Elevation Dataset (NED). The NED is updated witghkr resolution data as the data are
collected. The higher-resolution NED data are usedpdate the other NED layers of a lesser
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resolution as well. For instance, when new 10-m BEve produced, the 10-m NED is updated
to include these areas and the 1-arc-second NERdeipately 30-m) is updated by resampling
the new 10-m data.

NHDPIusV1 used a NED snapshot from June 2004 (Eigur

NED 200406
RESOLUTION
- Unknown
1-sec (~30-m)
[ 2-sec (~60-m)
3-sec (~90-m)
5-m
I 1om
[ 13-sec (~10-m)
B 1/9-sec (~3-m)

30-m

Figure 3: June 2004 NED Resolutions

NHDPIusV2 used the best-available snapshots raleagdé)SGS during the production period.
These NED snapshots were published from August B D&cember 2011.

NED 201112
RESOLUTION
- Unknown
1-sec (~30-m)
[ 2-sec (~60-m)
3-sec (~90-m)
5-m
T 10-m
I 1/3-sec (~10-m)
B 1/9-sec (~3-m)

30-m

Figure 4a: December 2011 NED Resolutions
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Differences between NHDPIlusV1 and V2 Processing Usi

In NHDPIlusV1, the processing units were referrecdaso“Hydrologic Region” for vector data
(even though hydrologic region 10 was split intmtpieces) and “Production Unit” for raster
data. In NHDPIusV2, the processing units are reteto as “Vector Processing Unit (VPU)” for
vector data and “Raster Processing Unit (RPU) r&ster data. The change to VPU and RPU
was made to introduce flexibility into the size whits that were processed. This will be
especially important when processing higher resmuHDPIlus in the future.

The actual geographic extent of the vector proogsshits is very similar, though not identical,
between NHDPIusV1 and V2. The NHDPIlusV2 Vectordessing Units (VPUs) are different
from V1 in five areas: (1) the division of hydrgio region 10 into 10U and 10L has changed,
(2) hydrologic region 03 was one piece in V1 anthige pieces (03N, 03S, and 03W) in V2, (3)
the HUC4 0318 (the Pearl River) is incorporated MPU 08 in the Mississippi drainage where
it belongs hydrologically, (4) VPUs 01, 02, 04, A9QU, and 17 extend into Canada and (5)
VPUs 13, 15, and 18 extend into Mexico.

While the names of the V2 RPUs are mostly the sasnie V1 Production Units, the extents of
the RPUs reflect many changes as follows:
* RPUs now extend into more international areas ttude contributing drainage areas

from Canada or Mexico.

* RPU boundary configurations have changed in V2 sessalt of eliminating former Arc
Workstation Grid size constraints.

* In V2, RPUs are created by combining whole HUC4rdrges. This was not always the
case in V1 Production Units configurations.

« AV2RPU and a V1 Production Unit of the same namenot always the same extent.

Figure 4b illustrates the V1 and V2 processingaunit
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NHDPIusV1 Processing Units

Processing Units for Vector Data

01 - Northeast
02 - Mid-Atlantic
[ 03 - South Atlantic (V1) ——

04 - Great Lakes

V2 South Atlantic Units

03N - South Atlantic North
[ 03s - South Atlantic South
I 03W - South Atlantic West

I 05 - Ohio

I 06 - Tennessee

I 07 - Upper Mississippi

[ 08- Lower Mississippi
10L - Lower Missouri

[ 10U - Upper Missouri

[ 11 - Arkansas-Red-White

09 - Souris-Red-Rainy
12 - Texas
13 - Rio Grande

14 - Upper Colorado

15 - Lower Colorado

16 - Great Basin
17 - Pacific Northwest
18 - California
Processing Unit for Raster Data
RPU boundary
10a RPU identifier

Figure 4b: NHDPIusV1 versus V2 Processing Units
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Incorporation of Canadian Data - On the Canadian side of shared internationaindges,
NHDPIusV2 processing combined the Canadian DEMA tiie NED and the Canadian digital
drainage divides with the WBD. These additionsagided the catchment delineations in Canada
and thereby the drainage areas that flow into ti& UThis was not done in NHDPIlusV1. In
addition, Canadian 1:50,000-scale National Hydrplgia Network (NHN) stream data has been
incorporated into the high resolution NHD for mahydrologic units that straddle the
international border. These high resolution NHDeéinalong with additional lines from the
Canadian NHN, were selectively incorporated inte kttydro-enforcement processing as "burn
lines" to further improve the catchment delineagion Canada. Additionally, precipitation,
temperature, and runoff grids provided by the Camaé#orest Service (McKenney and others,
2006) were used to develop runoff estimates fora@em drainage areas.

Incorporation of Mexican Data — The 1-arc-second NED data, used for NHDPlusV2
processing, includes elevation data from Mexicodiidnally, hydrography data from Mexico
has been incorporated into the high resolution NféD hydrologic units that straddle the
international border. These data were used seddgtas “burn lines” in the hydro-enforcement
processing to improve the accuracy of the catchndetineations in Mexico. In addition,
precipitation, temperature, and runoff grids preddy the Canadian Forest Service (McKenney
and others, 2006) were used to develop runoff estéisnfor Mexican drainage areas.

Improved Flow Estimates —The Enhanced Runoff Method (EROM) provides mearuahn
stream flow and velocity estimates for all netwatrkewlines (stream segments) in NHDPIlus
V2. EROM also has the capability for performing meaonthly (MM) flow and velocity
estimates. The MM flows were not included in théahrelease because of QA issues. These
QA issues have been addressed and now the MM #osvavailable for distribution. The
sections on EROM and EROMQA in Appendix A have dsen updated, and users are
encouraged to review these updated sections.

The Enhanced Unit Runoff Method (EROM), used tdneste streamflows in NHDPIlusV2,
incorporates several improvements to the originait Runoff Method (UROM) used in
NHDPlusVl. NHDPlusV1l estimated a unit runoff (&fsf) for each catchment and
conservatively routed and accumulated these inat&ahdlows down the network. Many
enhancements have been made in the NHDPlusV2 ER@nhiethod as reflected in the new
6-step flow estimation process:

1. Unit runoff is computed from a runoff grid producédm a flow balance model. The
900-m runoff grid is at a much finer resolutionriitae 8-digit Hydrologic Unit (HUCS8)
runoff values used in NHDPIlusV1.

2. A “losing streams” methodology is incorporated tbatimates stream flow losses that
can occur due to excessive evapotranspirationastifeam channels.

3. A log-log regression step using “Reference” gagewides a further adjustment to the
flow estimates. Reference gages (Falcone, et.aat)those gages determined to be
largely unaffected by human activities. The regi@sadjusted flows should be
considered the “best” NHDPlusV2 estimates of “naituifow.
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4. A new table in NHDPIusV2, PlusFlowAR, provides aamg to account for flow
transfers, withdrawals, and augmentation.

5. A gage adjustment component adjusts flows upstredngages based on the flow
measurements at the gage locations. This steprperfiie flow adjustments for all gages
that meet criteria as explained in the detailstoa step later in this section. The gage
adjustment causes the flow estimates to match &ige-gd flow at the gage locations.
Prorated adjustments are also made to the incrameatchments flow estimates
upstream of the gages. After the upstream adjudtmeave been made, catchment
incremental flows are accumulated down the netwtitkreby making necessary
adjustments to the flows below gages. The gagestet] flow estimates should be
considered the “best” NHDPIusV2 flow estimatesuse in models and analyses.

6. The gage adjustment, performed in step 5, forcesNHDPIusV2 flow estimates to
match the gaged-flows at the gage locations. Gégedcan not be used to perform QA
on the results of step 5. This sixth step, caligage-sequestration”, is designed to
measure how well the step 5 gage adjustment h&srpexd in estimating flows through
out the network. First, a proportion of the gaggpically 20%) are randomly selected
and set aside (sequestered). The remaining gagased to perform a gage adjustment
identical to step 5. Finally, the sequestered gage used to QA the results of the gage
adjustment. These QA results can be viewed aQ#hef the flow estimates produced in
step 5.

Unlike NHDPIlusV1, NHDPlusV2 contains statical QA aseres of the flow estimates. These
QA statistics are included with the NHDPlusV2 datal provide a comprehensive assessment of
the quality of the flow estimates.

Improved Waterbody Enforcement— In NHDPIusV2, enhancements were made to theodydr
enforcement process performed on lakes/ponds aadarea features. The NHDPlusV1 process
did not always accurately represent isolated |gkegls (i.e. lakes/ponds not connected to any
NHDFlowline feature). As a result, in NHDPIlusV1,is not uncommon to observe catchment
boundaries that split isolated lakes. In NHDPIlussignificant efforts were made to reduce this
anomaly.

Improved Sinks - NHDPIusV2 has the capability of representing-gontributing areas that the
NHDFlowline features do not represent. Sinks, Whace point features found in the new Sink
feature class, are used to insert a NoData celltnt hydro-enforced DEM. The areas around
the sink points drain to the sinks. During the rloydnforcement fill process, areas that drain to
sinks do not fillup and spill into down-gradieneas.

Sinks are used to represent the terminal ends dDRéWline isolated stream networks and
waterbody features (lake/pond and playa) that akentified as "closed" (i.e. with no

NHDFlowline outlet). For sinks representing wataties, a bathymetric gradient is applied
during hydro-enforcement which forces cells withie waterbody to slope toward the sink.
Sinks are also used to represent WBD HUC12 unédte attributed as “closed basins”. Sinks

17



within a WBD closed basin can represent one ormbagation of sink sources. As a result of
these changes, there are many more sinks in NHUPRIthean there were in NHDPIlusV1.

In NHDPIlusV1, the ends of isolated networks hadksianly if the network was in a HUCS8
classified as a closed basin and also as an as@ @nean annual precipitation less than 14
inches). In NHDPIusV1, the ends of isolated neksgdhat were not given sinks would “fill and
spill” in the hydro-enforced DEM draining to dowmaglient areas. This created a disagreement
between the NHDPIusV1 vector and raster data. VHwtor data contained isolated networks,
while the raster data (flow direction and flow aceuation grids) connected the drainage areas
of the isolated networks to down-gradient drainagas.

In NHDPIlusV2, the additional sinks improve the flairection and flow accumulation grids,
which now drain into the sink at the end of eaadblated network, resulting in the raster
representation of flow being isolated, as showth@wvector network.

Improved Trimming of Streams - In NHDPIlusV1 data, headwater streams were trichinea
small distance to account for the buffer aroundvfilmes that was burned in the DEM. In
NHDPIlusV2, headwater flowlines were trimmed to re@lihe possibility that WBD drainage
boundaries would be breached by headwater catckméntrimmed headwater flowlines were
touching or within a grid cell width of WBD dividethe flowlines received additional trimming.
In this way, hydro-enforcement in NHDPlusV2 usestraam network that conforms closely to
the WBD drainage boundaries.

NHDPIusV2, the upstream ends of flowlines that espnt minor paths at stream network
divergences were also trimmed. This was done tectithe flow direction and flow
accumulation grids down the main path identifiediy NHDPlusV2 stream network.

In the NHDPlusBurnComponents folder, BurnLineEveantains the trimmed stream network
that was used to hydro-enforce the DEM. In sonsegaheadwater and minor divergent path
flowlines were so short that sufficient trimming svaot possible and these flowlines were
removed from BurnLineEvent. Only lines in BurnLifhweent receive catchments.

Nationally Consistent WBD Drainage Divide Enforcemat — In both NHDPlusV1l and
NHDPIusV2, drainage divides represented by the WBINC12 boundary lines were
incorporated as “walls” during the hydro-enforcetmehthe DEM. In NHDPlusV2, additional
techniques were used to refine the walls. In NHBW®R, non-closed HUC12s that contain no
NHDFlowline features were identified and portiorishee walls for these HUCs were removed to
enable these areas to drain to an appropriate dpadient area. In NHDPlusV1, these “empty”
HUCs were completely walled in the hydro-enforcdeMDcausing a “fill and spill” based purely
on the location of the lowest elevation cell at pegimeter of the HUC. Also, the NHDPlusV1
filling of entire HUC12 areas rendered the flowedition grids useless for DEM based watershed
delineations within these areas.

Use of NHDPIlusV2 VAA Attribute HydroSeq for Elevation "stepping” - This enhancement

utilizes the hydro-sequence number from the NHDW2u¥alue Added Attributes (VAA) to
ensure that the flow paths in the hydro-enforcedvDiollow the NHDPIlusV2 flow path
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directions as defined in the NHDPlusV2 flow tablelusFlow). This process minimizes
problems during the hydro-enforcement fill procegsreplacing the NHD stream cells with a
gentle downstream stepping of elevations within tbanyon” burned into the DEM. This
process has shown to be a great improvement oveDRMk$V1 data where the hydro-
enforcment filling process occasionally createcerseg flow situations.

Enforcement of Stepped Values in the Ocean and Esties — In NHDPlusV1, ocean and
estuary areas were set to NoData. In NHDPlusVe@, NiHD ocean coastlines were hydro-
enforced into the DEM by setting the elevation eallelow the minimum “burned” elevation
value of the BurnLineEvent features. The seleestiaries were given elevation values 1cm
higher than the ocean coastline elevation validss stepping of coastal water elevation values
enables watershed delineations within the selexsaghries.

Catchment/Burn Attributes - In NHDPIlusV2, greater controls over the hydrdeecement
process were introduced through attributes in thenBineEvent table. Using these attributes,
individual flowlines could be logically removed frothe burning process and/or logically
removed from the catchment delineation process.

Controlling which lines are burned provides grediexibility in representing the network in the
flow direction and flow accumulation grids. Foraexple, pipeline features, certain elevated
sections of canals, or flowlines that would crgateblems near walls, were removed from the
burning process.

Controlling which lines receive catchments prevédiness that do not receive overland flow from
having a catchment. Examples of flowlines that &howot receive a catchment include pipelines
and elevated sections of canals.

Rasterization of Burn Line Features using StreamLegl - In both versions of NHDPIus,
catchments are delineated with the ArcGIS Watershea using the NHDPIlus flow direction
grid and a raster grid representation of the floedi (used as the "seed" source). In NHDPIlusV1,
the grid representation of these burn lines wepblpmatic at node intersections, where the
DEM cell value at the node was assigned from whiehburnline had the greatest length within
the given cell. This sometimes created an issugemre confluence node was assigned to the a
tributary stream rather than the main path streaadihg to undesirable results in catchment
delineation. In NHDPIlusV2, this problem was elintadh by using the VAA “StreamLevel”
attribute to control the rasterization of stream&t a confluence, the stream with the lowest
StreamLevel receives the confluence node in itshcaént.

BurnAddLine and BurnAddWaterbodies - In NHDPIusV2, there are new capabilities to add
additional non-NHD features for hydro-enforcemeihth@ DEM. Additional lines are stored in
BurnAddLine, while additional waterbody polygonsrestored in BurnAddWaterbody.

Features placed in BurnAddLine came from a mulétoél sources for a variety of purposes. In

some cases, BurnAddLines were added to ensure rpdopi@age of WBD HUC12 units where
NHD was not present. Other uses of BurnAddLineuest included international hydrography
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from sources in Canada or Mexico to improve cataftngelineation in international areas.
BurnAddLine features were also added to providew thannel within estuaries.

Features in BurnAddWaterbody were commonly addezhture sink placement for closed lakes
not found in the medium resolution NHD. BurnAddWhataly also holds waterbodies from
international areas to enhance catchment delimeatigross international borders. Waterbody
polygons placed in BurnAddWaterbody came from higkolution NHD or the Canadian
National Hydrography Network dataset, or were digd from imagery.

Flow Direction Grid with NoData Values for Burn Lin e Stream cells- New in NHDPlusV2,

is a variant of the NHDPIusV2 flow direction grichere the cells of BurnLineEvent features are
set to NoData. This grid is called FdrNull and denused to compute flowpath length grids.
Flowpath length grids are useful for a variety afrgoses including determining the mean
flowpath length within a catchment or deriving sireriparian buffer areas.

Improved and Expanded Value Added Attributes (VAAsS) — The NHDPIusV2 process
performs extensive automated gaqc on the VAAs suenthe accuracy and consistency of the
attributes across the entire NHDPIlusV2 datasetw MAAs have been added, such as RTNDIV
(returning divergence) flag which identifies flomdis where an upstream divergence returns to
the network. The VAAs FromMeas and ToMeas, expibge measures (m-values) that are
assigned to the bottom and top endpoints of NHDHkm@rfeatures. In NHDPlusV2, the method
for assigning HydroSeq (hydrologic sequence numiseperformed across an entire drainage
area rather than for each HUC8 as in NHDPIusVL1.is Bssignment method adds power to
gueries that use HydroSeq. Unlike NHDPlusV1l, NHB®R2 has VAAs calculated for
Coastline features.

Introduction of Flow Split Controls — NHDPIlusV2 contains a divergence fraction/maihpat
table (DivFracMP) that permits control over whappens at network splits. This table was used
to inform the NHDPIlusV2 process which path in aedgence is the main path and what fraction
of the streamflow proceeds down each path of therdence.

Points of Addition and Removal -NHDPIlusV2 contains the ability to specify pointsrad the
NHDFlowline network where flow is removed or addadd to specify how much water is
removed or added. These points are stored inltlEARPointEvent and the PlusFlowAR tables.
Using this new capability, irrigation withdrawaladareturns, drinking water withdrawals, and
permitted discharges may be specified. In additoomvithdrawal point and an addition point
may be linked to represent an interbasin flow ti@mns

Great Lakes Supercatchments- NHDPIlusV2 includes polygons known as “Supercakehts”
which represent the drainage areas above the ®ufidour of the Great Lakes: Lake Superior,
Lake Huron, Lake Erie, and Lake Ontario. These Bigtehments include the areas on the
Canadian side of the Great Lakes and are usedtaderaccurate cumulative drainage areas for
the rivers that flow from the lakes.

Flow Accumulation Grid Extent and Content — In NHDPlusV1l and V2, the hydro-
enforcement process is run for a Raster Proce&siitg RPU) and a buffer area surrounding the
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RPU. In NHDPIusV1 and V2, the distributed grids Wot contain values outside the RPU
boundaries (i.e. in the buffer area). In NHDPlus\rt V2, if one RPU drains into another RPU,
the flow accumulation values in the upstream RPUhdbcarry into the downstream RPU. In
other words, cell counts of an upstream RPU drarerg not reflected in the cell counts of a
downstream RPU.

In NHDPIusV1, while the distributed grid does naointain the processed buffer area, if all or
part of the buffer area drains into the RPU, tHesm RPU’s flow accumulation grid cell values
include the upstream cells from the buffer area.

In NHDPIlusV2, the distributed grid does not conttia processed buffer area and, if all or part
of the buffer area drains into the RPU, then th&JBRlow accumulation grid cell values DO
NOT include the surrounding buffer area. Only gelithin the RPU are counted in the
NHDPIlusV2 flow accumulation grids.

The list above describes the primary improvemeritat thave been incorporated into
NHDPIusV2. All improvements are described in moegail in this guide.
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NHDPlusV2 Data Structure

In NHDPIusV1, the geographic units were (1) “Praglut Units” for the raster components
(elevation, flow direction and flow accumulationdy) and (2) “Hydrologic Regions” (2-digit
Hydrologic Units) for catchment grids, all vect@ature classes and all tables. In the future, as
the source datasets for NHDPlus become higheruso] these geographic units will need to
change and, in general, become smaller. Thus N2 introduces new and flexible
geographic divisions. NHDPIlusV1 “Production Unis$’ replaced by the NHDPlusV2 “Raster
Processing Unit” (RPU). The NHDPlusV1l “HydrologiRegion” is replaced with the
NHDPIusV2 “Vector Processing Unit” (VPU).

Because NHDPIusV2 is built from the same resoluligouts as NHDPIlusV1, the VPUs in
NHDPIusV2 are similar to the “Hydrologic Regions&fathed in NHDPIlusV1. In NHDPlusV1

and NHDPIlusV2, Hydro Region 10, the Missouri RiBa&sin, was divided into 2 VPUs. Also
Hydro Region 3, Southeastern United States (“Sc\tantic”), was processed as 1 VPU in
NHDPIusV1, while it was processed as 3 VPUs in NHBB¥2. The NHDPlusV2 RPUs are
similar, but not identical to the NHDPlusV1l “Prodion Units”. RPUs represent some
hydrologic improvements over the “Production Units”

NHDPIusV2 data is distributed by the major drainageas of the United States. Within a
Drainage Area, the NHDPIlusV2 data components ac&guged into compressed files either by
Vector Processing Unit (VPU) or Raster Processing (RPU). A Drainage Area is composed
of one or more VPUs and a VPU is composed of onmane RPUs. The valid NHDPlusV2

Drainage Areas, VPUs and RPUs are shown in Figaaemd 5b.
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Drainage Area Name Drainage Id VPUs RPUs
Northeast NE 01 Ola
Mid-Atlantic MA 02 02a, 02b
South Atlantic SA 03N, 03S, 03W (less 03a, 03b, 03c, 03d, 03e, 03f
0318Y
Great Lakes GL 04 04a, 04b, 04c, 04d
Mississippi MS 06, 05, 07, 08,10U, 10L, | O6a, 05a, 05b, 05c, 05d, 07a, 07b,
11 and 0318 07c, 08a, 08b, 10a, 10b, 10c, 10d,
10e, 10f, 10g, 10h, 10i, 11a, 11b,
1lc, 11d, 03g
Souris-Red-Rainy SR 09 09a
Texas TX 12 12a, 12b, 12c, 12d
Rio Grande RG 13 13a, 13b, 13c, 13d
Colorado (6{0) 14, 15 14a, 14b, 15a, 15b
Great Basin GB 16 16a, 16b
Pacific Northwest PN 17 17a, 17b, 17c, 17d
California CA 18 18a, 18b, 18c

Figure 5a: NHDPIlusV2 Drainage Areas, VPUs, and RPU

Figure 5b: NHDPIusV2 Drainage Area Map

2 The HUC4 0318 contains the Pearl River drainagielwhas both inflows and outflows with region 08ile
being completely disconnected from the rest ofoedi3. Because of the connections with regiomNMDPlusV2
includes 0318 with the Mississippi drainage area.
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Note that some large areas of WBD have been recudltd Hydrologic Unit Codes (HUC
codes) that differ significantly from previous HWodes. For example: HUC4s 0111 and 0201
were renumbered to 0415; and 1001 was renumber@€804. Numerous smaller changes have
also occurred. The NHDPIusV2 processing for theadged areas was already underway when
the changes were detected and, given the timirngast not feasible to re-process those areas or
to physically move data from one NHDPlusV2 workspdao another. However, the NHD
snapshot ReachCodes on both NHDFlowline and NHDWatly features were adjusted to
reflect the HUCS8s in the 2/1/2012 version of WBDhis means that, in some NHDPIlusV2
workspaces, some NHDFlowline and NHDWaterbody festwvill have ReachCodes that reflect
a different hydrologic region than the VPU in whithe features are stored. If and when
NHDPIusV2 is reprocessed for these areas, thesesssill be addressed.

Like NHDPIusV1, NHDPIlusV2 data is distributed asagéfiles, grids, and .dbf tables. The
NHDPIusV2 data structure is shown below. An asker(*) is used to indicate which
components are new or changed relative to the NH®HAI data structure.

The overall data structure is:

\NHDPIlusGlobalData
BoundaryUnit (polygon feature class) *
BoundaryValue (table) *
NHDPIlusConnect (table) *

\NHDPIlusV21Metadata

This folder contains a collection of metadata fétPlusV2 and for the source
datasets used to produce NHDPIlusV?2.

\NHDPIlusNationalData
Gageloc (point feature class) *
Gagelnfo (table) *
Gage_Smooth (table) *
nationalcat (grid) *
\SuperCatchments*
SuperCatchments (polygon feature class)*
\supercatgrids*
\info
\sc<featureid> (grid)

Where featureid is an NHDFlowline ComID

NationalWBDSnapshot (polygon feature class)
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The content of the \NHDPIusDD folder is referrecatoa Drainage Area workspace.
Each Drainage area workspace has the followingtsire:

\NHDPIusDD (drainage area folder)
\DAAttributeExtension (NHDPIlus data extensionstfug Drainage Area)
\NHDPIusVVVVVVVV (VPU folder)
[VPU feature classes, grids and tables]
\NHDPIusRRRRRRRR (RPU folder)
[RPU feature classes, grids and tables]
[more RPUs]
[more VPUs]
[more Drainage Areas]

Where
DD = Drainage Area Id of 1-2 characters
VVVVVVVV = VPUIDs of 1-8 characters
RRRRRRRR = RPUIDs of 1-8 characters

The content of a \NHDPIusVVVVVVVV folder is refemdo as a VPU workspace.

Each VPU workspace will contain:
\NHDPIusVVVVVVVV

\NHDPIlusAttributes
CumulativeArea (table) *
DivFracMP (table) *
ElevSlope (table) *
HeadwaterNodeArea (table) *
PlusARPointEvent (table) *
PlusFlowlineVAA (table) *
PlusFlow (table) *
PlusFlowAR (table) *
MegaDiv (table)*

\NHDPIlusCatchment
cat (grid)
\info (info tables for cat grid)
Catchment (polygon feature class)
FeaturelDGridCode (table) *

\NHDPIlusBurnComponents
BurnAddLine (line feature class) *
BurnAddWaterbody (polygon feature class) *
BurnLineEvent (table) *
BurnWaterbody (polygon feature class) *
LandSea (polygon feature class) *
Sink (point feature class) *
Wall (line feature class) *

25



\NHDSnapshot
NHDFcode (table)
NHDReachCode_ComlID (table)
NHDReachCrossReference (table)
\hydrography
NHDFlowline (line feature class)
NHDWaterbody (polygon feature class)
NHDPoint (point feature class)
NHDLine (line feature class)
NHDArea (polygon feature class)
NHDHydroAreaEventFC (empty polygon feature class)
NHDHydroLineEventFC (empty line feature class)
NHDHydroPointEventFC (empty point feature class)
\NEDSnapShot
\NEDRRRRRRRR
\elev_cm
\shdrelief*
\info
\WBDSnapShot
\WBD
WBD_Subwatershed (polygon feature class)*

RPU folders reside under the VPU workspace foldenaill contain
NHDPIusV2 RPU components. Each RPU folder nams enRRRRRRRR
which is replaced with the RPUid.

\NHDPIlusCatSeedRRRRRRRR

\catseed (grid)*

\info
\NHDPIlusFdrFacRRRRRRRR

\fac (grid)

\fdr (grid)

\info
\NHDPIlusFdrNullRRRRRRRR

\fdrnull (grid)*

\info
\NHDPIlusFilledAreasRRRRRRRR

\filledareas (grid)*

\info
\NHDPIlusHydrodemRRRRRRRR

\hydrodem (grid)*

\info

The NHDPIusV2 extended components will be storesejparate folders under the NHDPIlusV2

Drainage Area or VPU folders, as appropriate. Jthectures of the, currently defined, extended
components are:
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\DAAttributeExtension
No drainage area attribute extensions have beémedas yet.

\NHDPIusVVVVVVVV (VPU folder)

\EROMEXxtension
EROM_MAnNnNnNnN (table)*
EROMQA_nnnn (pdf)*
EROMQA_MAnNNNnN (table)*

\VOGELEXxtension
VogelFlow (table)*

\VPUAttributeExtension
IncrLat.txt*
IncrPrecipMA.txt*
IncrPrecipMMO1.txt*
IncrPrecipMMO2.txt*
IncrPrecipMMO3.txt*
IncrPrecipMMO4.txt*
IncrPrecipMMOS5.txt*
IncrPrecipMMOG6.txt*
IncrPrecipMMO7.txt*
IncrPrecipMMO8.txt*
IncrPrecipMMO09.txt*
IncrPrecipMM10.txt*
IncrPrecipMM11.txt*
IncrPrecipMM12.txt*
IncrTempMA.txt*
IncrTempMMO1.txt*
IncrTempMMO2.txt*
IncrTempMMO3.txt*
IncrTempMMO4.txt*
IncrTempMMO5.txt*
IncrTempMMOG6.txt*
IncrTempMMO7.txt*
IncrTempMMO8.txt*
IncrTempMMO9.txt*
IncrTempMM10.txt*
IncrTempMM11.txt*
IncrTempMM12.txt*
IncrROMA . txt*
IncrROMMOL1. txt*
IncrROMMO2.txt*
IncrROMMO3.txt*
IncrROMMO4..txt*
IncrROMMOS. txt*
IncrROMMOG. txt*



InNcrROMMO7 .txt*
IncrROMMO8. txt*
InNcrROMMO9.txt*
INcrROMM10.txt*
INcrROMM11.txt*
INcrROMM12.txt*
CumbDivPrecipMA.txt*
CumTotPrecipMA.txt*
CumDivTempMA.txt*
CumTotTempMA.txt*
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Projection Information

All vector data in feature class format uses tHiedong projection/coordinate system:
Projection GEOGRAPHIC

Datum NAD83

Zunits NO

Units DD

Spheroid GRS1980
Xshift 0.0000000000
Y shift 0.0000000000

All grid datasets (cat, fac, fdr, elev_cm, ext_fext_fdr) for the conterminous U.S. are stored in
an Albers Equal-Area projection:
Projection ALBERS

Datum NAD83

Zunits 100 for elev_cm, otherwise “NO”
Units METERS

Spheroid GRS1980

Xshift 0.0000000000

Y shift 0.0000000000

Parameters

29 30 0.000 /* 1st standard parallel

45 30 0.000 /* 2nd standard parallel

-96 0 0.000 /* central meridian

23 00.000 /*latitude of projection’s origin
0.00000 [* false easting (meters)
0.00000 [* false northing (meters)
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A Guide for Installing NHDPlusV2 Data

NHDPIusV2 data is distributed in compressed filesated by 7-Zip (compression software) with
a “.7z” extension. While 7-Zip can create filesstandard Zip format, the NHDPIlusV2 data is
stored in a special 7-Zip format which creates esaemaller compressed files. This helps
preserve diskspace and shorten download times.

Along with other zipping utilities that support z7files, 7-Zip may be used to uncompress the
NHDPIusV2 data. 7-Zip is a free utility availalae http://www.7-zip.org/download.html

NHDPIusV2 data is distributed by Drainage Area. thivi a Drainage Area, the NHDPlusV2
data components are packaged into .7z files eligevector Processing Unit (VPU) or Raster
Processing Unit (RPU). A Drainage Area is composkdne or more VPUs and a VPU is
composed of one or more RPUS.

After installing 7-Zip (or other zipping utility #t supports “.7z” files) and downloading the
NHDPIusV2 data, please follow these steps to ih#taldata:

1. Make a folder for the NHDPlusV2 data (e.g. \NHDRI@Bata). For best performance,
install the data on a local drive.

2. The compressed data files are named:

NHDPIlusV2nn_<dd> _<VPUid>_componentname_<vv>
or
NHDPIlusV2nn_<dd> <VPUid>_<RPUid>_componenthame_><vv

where:

V2nn is version (2) and subversion (nn) of the NHIBR?2 data model,

dd is the drainage area identifier,

VPUid is the VPU identifier,

RPUid is the RPU identifier,

Componentname is the name of the NHDPlusV2 compamerained in the file,
and

vv is the data content version, 01, 02, ... for theponent.

The valid values for NHDPIusV2 Drainage Areas, VRIldg RPUs are provided
in section “NHDPIlusV2 Data Structure”.

Each NHDPIlusV2 “.7z” file should be uncompressetb ithe folder created in step
1. When using 7-Zip, allow it to automatically presere/create the folder structure

that is included in the “.7z" files. To accomplish this using 7-zip installed on Windpws
use the “Extract Here” option. First, save allz”Tiles to the folder created in step 1.
Second, select all “.7z” files using Windows Exelor Third, right-click on the selected
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files and use the “Extract Here” option. This wdhsure all folders and files are
extracted into their appropriate locations.

. Using Drainage Area GL (i.e. Great Lakes) and a \@BUi.e. Hydrologic Region 04) as
an example, when completely installed, the uncosga®@ data should look like this:

\NHDPIlusV2Data
\NHDPIusGL
\DAAtributeExtension
\NHDPIus04
\<NHDPIlusV2 component folders>

. NHDPIlusV2nn_Global Data vv.7z should be uncompigssto the same upper level
folder as the drainage area data. The decompregdliccreate the \NHDPlusGlobalData
folder.

\NHDPIlusV2Data
\NHDPIlusGlobalData

. NHDPIlusV2nn_NationalData_vv.7z, it should be uncozsped into the same upper
level folder as the drainage area data. The demmssn will create the
\NHDPIlusNationalData folder.

\NHDPIlusV2Data
\NHDPIlusNationalData

. NHDPIlusV2nn_Metadata_wvv.7z, it should be uncom@essto the same upper level
folder as the drainage area data. The decompressiwll create the
\NHDPIlusV2nn_Metadata folder.

\NHDPIlusV2Data
\NHDPIlusV2nn_Metadata
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NHDPIusV2 Distribution Files and NHDPlusV2 Components

The correspondence between the NHDPIlusV2 .7z loigion files and the NHDPIlusV2 data
components that are contained in the .7z file asshin the table below.

Distribution Zip Files

Zip File Contents

NHDPIlusV2nn_Metadata_dd.

\NHDPIlusV2nn_Metada

NHDPIlusV2nn_GlobalData_dd.

\NHDPIlusGlobalDat

BoundaryUnit.sh

BoundaryValue.dk

NHDPIlusConnects.d|

\SuperCatcment:

SuperCatchments.s

\supercatgric

\sc<ComID> (grid)

NHDPIlusV2nn_NationalData_dd.

\NHDPIlusNationalDai

Gageloc.sh

Gagelnfo.db

RefGages.t

GageSmooth.dk

\nationalcatgrid)

NationalWBDSnapsh.shy

WBDCatch XWalk.db

The :ip files below contain higher levdolders as needed and \NHDPIlusV2d(

described previously. \NHDPIlusVVVVVVVV
\NHDPIusRRRRRRRR

NHDPIlusV2nn_DD_<VPUid> EROMExtension_dd \EROMEXtensiol

EROM_MAOO00!.dbf

EROM_mn0001.db, where mm it
01 thru 12

EROMQA_MAO0001.db

EROMQA _mm0001.db, where
mm is 01 thru 12

EROMQA_0001.pd

NHDPIlusvV2nn_DD_<VPUid> <RPUid> NEDSnapshot_d:

\NEDSnhapshc

\ned<rpuid:

\elev_cm (grid

\shdrelief (grid

NHDPlusV2nn_DD_ <VPUid> NHDPIusAttributes dd

\NHDPIlusAttribute

CumulativeArea.dk

HeadwaterNodeArea.d

DivFracMP.db

PlusFlowlineVAA.dbf

PlusFlow.db

PlusARPointEvent.dt

PlusFlowAR.db

MegaDiv.db!

ElevSlope.dh
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NHDPIlusV2nn_DD_<VPUid> NHDPlusBurnComponents d

\NHDPIlusBurnComponer

BurnlineEvent.db

BurnWaterboy.shg

Sink.shj

Wall.shg

BurnAddLine.sh

BurnAddWaterbody.st

LandSea.st

NHDPlusV2nn_DD <VPUid> NHDPIlusCatchments_di

\NHDPIlusCatchme!

\cat (grid

Catchment.st

FeaturelDGidCode.db

NHDPIlusV2nn_ DD <VPUid> <RPUid> CatSeed d

\NHDPIlusCatSeed<rpuit

\catsee

NHDPlusV2nn_DD <VPUid> <RPUid> FdrFac _dc

\NHDPIlusFdrFac<rpuid

\fdr (grid)

\fac (grid’

NHDPIusV2nn_DD_<VPUid> <RPUid> FdrNull_de

\NHDPIlusFdrNull<rpuid:

\fdrnull

NHDPIlusV2nn_DD_<VPUid> <RPUid>_ FilledAreas_dc

\NHDPIlusFilledAreas<rpuid

\filledarea:

NHDPIlusV2nn_DD_<VPUid>_ <RPUid>_ Hydrodem_dc

\NHDPIlusHydrodem<rpuid

\hydroden

NHDPIlusV2nn_DD_<\PUid>_NHDSnapshot_dd.

\NHDSnapshc

\hydrograph

NHDFlowline.shj

NHDWaterbody.sh

NHDArea.sh|

NHDPoint.shj

NHDFcode.db

NHDPIusV2nn_DD_<VPUid>_ VogelExtension_dd

\VVogelExtensio

VogelFlow.dbt

NHDPlusV2nn_DD_ <VPUid>_ VPUAttributeExtension dc

\VPUAttributeExtensio

IncrLat.txi

IncrPrecipMA.tx

IncrPrecipMMmm.tx

CumbDivPrecipMA.tx

CumTotPrecipMA.tx

IncrTempMA.tx

IncrTempMMmm.tx

CumDivTempMA.tx

CumTotTempMA.tx

ROMAO0001.tx

ROMMMmMOO0O01.tx

NHDPIlusV2nn_DD_<VPUid> WBDSnapshot_dc

\WBDSnapshc

\WBD

Sub_Waterstd.shy

Figure 6: NHDPIlusV2 Distribution Files and Theior@ents
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NHDPIusV2 Versioning System

NHDPIusV2 has a dual versioning system; both thta daodel and the data content are
versioned. The NHDPIusV2 .7z download files eaohtain the version information in the
flename. The filenames have two formats:

NHDPIlusV2nn_<dd> _<VPUid>_componentname_<vv>
or
NHDPIlusV2nn_<dd> <VPUid>_<RPUid>_componenthame_><vv

where:

V2nn is version (2) and subversion (nn) of the NHI3BR2 data model
vv is the data content version, 01, 02, ... for theaponent.

Each component can be versioned and distributdtbuitthe need to re-release all components.
For example, at any given time, both NHDPlusvV21 W@E. Catchment 01.7z and
NHDPIusV21_MS_10L_NHD_03.7z might be available ftwwnload. In this example, the
Catchment shape file has data model version 2.1 datd content version 01, while the
NHDSnapshot component has schema version 2.1 dadalatent version 03.

The NHDPIus download site will contain the mostergcversion for each component. When a
change in NHDPIlusV2 affects more than one compondm@ new version of all affected
components will be made available at the same tiffileerefore, users can be assured that all
components on the download site, regardless of thdicated versions, are compatible with
each other.

Users can determine which versions they have dadeld and uncompressed by examining the
version text files that reside within the uncompeesNHDPIlusV2 data. Each .7z files contain a
TIXT file with the same name as the .7z file. Foexample,
NHDPIusV21_MS_08 NHDSnapshot_02.7z will contain a ilef called
NHDPIusV21_MS_08 NHDSnapshot_02.txt.

When NHDPIlusV2 .7z files are uncompressed, theseitext files are stored in the appropriate
Drainage Area folder. These are empty text filesdusolely to denote, by their file name, what
version of NHDPlusV2 data has been installed. &kistence of these .TXT files means that the
user, at one time, installed the indicated versadrtbe specified NHDPlusV2 components.

When uncompressing updates for the same compathentTXT files will not be overwritten
and will serve as a history of what NHDPlusV2 comgats and versions have been installed. In
general, when a new version of a particular NHDPRisomponent is released, a note about that
component is added to the release notes for that VP

When an updated component is available, users firastdelete the existing version of the
component. This may be done with ArcCatalog ooagaished using Windows Explorer. The
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superceeded NHDPIlusV2 components that must beededge shown in the table in the section
above entitled “NHDPIlusV2 Distribution Files and NRlusV2 Components”. Once the
superceeded version of the component is deletedypldated component should be installed
according to the instructions in the previous secti

NHDPIusV2 documentation is versioned by the datdehaersion only (see first page of guide).
When you download a component containing a new datdel version, you should also
download new documentation.

The first public version of NHDPIusV2 has a datadeladesignation of V2.1 with the
components having a variety of data content vessidraft NHDPlusV2 data was distributed to
a limited number of evaluation users. The drafaded a data model designation of V2 and was
not accompanied by version .TXT files.
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NHDPlusV2 Global Data Feature Class and Table
Descriptions

NHDPIlusV2 Global Data tables called BoundaryUniguBdaryValue, and NHDPIlusConnect
contain information that was compiled during the DfMus Build/Refresh process and include
information such as the connection information et multiple VPUs in a drainage area and

the geographic boundaries of VPUs and RPUs.

NHDPIlusV2 Global Data tables called PlusMetadatas$ourceCitation, PlusSourceUsed are
Metadata is ededuring the NHDPIlusV2 Build/Refresh
process and includes information about the souatasdts used to build NHDPIlusV2 and about

the metadata tables for NHDPIlus.

the processing steps performed.

NHDPIusV2 Global Data feature classes called comed metadata_<yymm> contain the

metadata for each of the NED snapshots used td BHDPIlusV2.

The following conventions are used when descritbNhtpPlusV2 component attributes:

Field formats are intended to be technology-neutPaimary and foreign keys are all long
integer format to facilitate relates and joins h@tformats show the maximum size and
precision of the field.

A particular database technology may dictate theéb for a given field. As an example,
number with 6 total digits with 3 to the right dfet decimal point is specified in this volum
as (6,3), however it would be (7,3) in a .dbf file.

All redundancy (un-normalized fields) in the datsd&as been introduced to increase
performance in the build/refresh tools and end-tses.

All field names are verbose to enhance readabhityyever, in some implementation
formats, the field names may be truncated. Fomgke, field names will be truncated to 1
characters in .dbf files.

A field value of -9998 signifies that a value ipépable, but unknown.
A field value of -9999 signifies that a value ig applicable

124

1%



\NHDPIlusGlobalData\BoundaryUnit (feature class)

Description: Contains a polygon boundary for each geographicusa@d to build the NHDPIus.

The unit types that will have boundaries are VPW &PU. The boundaries are built from

NHDPIlusV2 Catchments.

Field Description Format

Name

DrainagelD| Drainage area identifier Character (2)
UnitID Boundary Unit unique identifier Characte)) (8
UnitName | Boundary Unit Name (populated for VPUS) afzicter (100)
UnitType Boundary Unit Type - “VPU”, “RPU” Charactéb)
Hydroseq Hydrologic order of Boundary Unit (popethfor VPUS) Num(11)
AreaSgKM | Area in square kilometers of the unit Nu& )
Shape_Area Feature area in square decimal degrees See ESRI

documentation

\NHDPIusGlobalData\NHDPIlusConnect (table) (not rele

Description:

RPUs. The NHDFlowline ComIDs that create the catinas are provided in the table. This
table is maintained by the NHDPIlusV2 Build/RefreSbols and can be thought of as a

geographic u

ased)

Provides the upstream/downstream relationshipwdsm VPUs and between

nit flow relationship table.

Field Name Description Format
DrainagelD Drainage area identifier Character (2
UpUnitiD Unit Code of upstream unit Character (8)
UpUnitType “VPU”, “VDU”, “RPU”, “RDU”, or “HUCnn” Character (5)
DnUnitID Unit Code of downstream unit Character (8)
DnUnitType “VPU”, “vDU”, “RPU”, “RDU”, or “HUCnhn” Character (5)
UpComlID Flowline pourpoint of UpUnitCode Long Intag
DnComlID Flowline inflow point of DnUnitCode Long teger
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\NHDPIlusGlobalData\SuperCatchments (feature class)

Description: Contains Supercatchment polygons. Supercatchraeatdrainage area polygons
for the NHDFlowline associated with SupercatchméigaturelD. The Supercatchment is the
entire drainage area upstream of the associated RAiddiline designated by FeaturelD.

Supercatchments were created only for Hydrologigiéte 04 (Great Lakes) to represent the
entire drainage, both Canadian and US, into eatiheofikes.

Field Description Format
Name

GridCode Catchment gridcode for the NHDFlowlinecbatent Num(10,0)
FeaturelD ComlD of the associated NHDFlowline Lonigeger
SourceFC “NHDFlowline” Char(20)
AreaSgKM | Area of the supercatchment in square leltams Num(18,6)
VPUID Vector Processing Unit Identifier Char(8)

\NHDPIlusGlobalData\SC<featureid> (grid)

Description: These are supercatchment grids. There is a griddch supercatchment polygon
in SuperCatchments. The featureid in the grid nimks to SuperCatchments.FeaturelD.

Field Description Format
Name
Value The value stored in the grid cell; a uniquempact Long Integer

identification number for an NHDFlowline catchmealso
referred to as GridCode — See FeaturelDGridCode
Count Number of grid cells with a particular valoghe Value field.| Long Integer
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\NHDPIlusGlobalData\EROMOPTS.DBF (table) (not releas ed)

EROMOPTS contains the run options used for each MR®@ean annual (MA) and mean
monthly flow estimates. There is one record folhedPU/Timeperiod.

Field Name Description

VPU The 3 character identifier for the VPU, e.d.0L”

Timeperiod “MA” = mean annual, “01” = January, “02"February, etc.

SKIpEET 0 = Run the Excess Evapotranspiration (E&dp, 1 = do not
run the EET step

SkipRGR 0 = Run the Reference Gage Regression (R@R) 1 = Do not
run the RGR step

RUNOFFREG 0 = Do not use a Runoff (RO) RegressionReplace the
Runoff grid values with the regression in the R@pSt

ROA RO Reg. Coefficient 1; intercept term

ROB RO Reg. Coefficient 2; Drainage Area (DA) tei®q Km)

ROC RO Reg. Coefficient 3; Mean Monthly Preciptatierm
(cm/month)

ROD RO Reg. Coefficient 4; Mean Monthly Temperatiemen (deg.
C)

ROE RO Reg. Coefficient 5; Mean Annual Base Flodek (0 to
100)

ROBCF RO Reg. Bias Correction Factor (BCF)

TPOS Temperature (Deg. C) to be added to the Meamthy
Temperature needed to produce positive temperaalues for
the log transform in the RO Reg.
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NHDPlusV2 Metadata Collection

\NHDPIlusMetadata\NHDPIlusV21.met

Description: This file contains metadata for NHDPIlusV2 as aleh Metadata for individual
VPUs can be found in the \NHDPIlusVVVVVVVYV folders.

\NHDPIlusMetadata\NHD.met (not yet released)

Description: In April 2010, the medium resolution NHD data wadracted from the USGS
NHD database in preparation for building NHDPIlusVEhe data was extensively edited (see
section entitled “Highlights of How NHDPIusV2 Diffe from NHDPIusV1”) prior to
NHDPIusV2 production. The following links provide@cumentation about NHD:

http://nhd.usgs.gov/index.html
http://nhd.usgs.gov/userguide.html?url=NHD _User delkeature Catalog/NHD Feature Catalog.htm

As time and resources permit, the edits made to MHDbe returned to USGS for inclusion in
the NHD database.

\NHDPIlusMetadata\Conus_ NED _ Metadata<yymm> (feature class) and
\NHDPIusGlobalData\NED _DataDictionary20100601 (pdf)

Description: These files contain metadata for the NED snapstias were used to build
NHDPIusV2. NHDPlusV21.met contains the NED snapgshete used for each VPU. Each
NED snapshot has a separate metadata shapefil@rehtn the \NHDPlusGlobalData folder.
The NED_DataDictionary20100601.pdf contains the Idfie descriptions for the
Conus_NED_Metadata_<yymm> feature attributes.

\NHDPIlusMetadata\CDED_Metadata\CDED_Index_Polygons (polygon
feature class) and cded_<tile>_fgdc_en.xml

Description: This folder contains metadata for the portionshef €anadian Digital Elevation
Data (CDED) that was used to build NHDPlusV2. TMeED data were downloaded from the
http://www.geobase.cavebsite. The CDED_Index_Polygons feature classaoos an index to
the individual data files that were used for NHDS¥M@. The CDED data tiles were accompanied
by FGDC metadata xml files. The metadata filespao®ided in the metadata folder, and the first
part of the filenames may be matched with the éilaes shown in the Path field of the
CDED_Index_Polygons feature class.

\NHDPIlusMetadata\WBD _Poly Seamless.Met (text)

Description: This file contains the metadata for the WBD snapshioat were used to build
NHDPIusV2. NHDPlusV21.met contains the WBD snapsifate used for each VPU. The
WBD metadata is cumulative, with process descniygtidisted in chronological order. The

metadata for each WBD snapshot is described thalprocess descriptions with dates equal to
or earlier than the snapshot date.
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\NHDPIlusMetadata\Precip and Temp Metadata (not yet released)

Description: This file contains the metadata for the precimtaiand temperature data used to

build NHDPIlusV2. Precipitation and temperatureadatre compiled for the period 1971-2000

by combining two data sources: (1) Parameter-élmveaRegressions on Independent Slopes
Model data (PRISM) (http://www.prismclimate.org) fihe conterminous U.S. and (2) a set of 1-
km grids from the Canadian Forest Service, NatRedources Canada (McKenney and others,
2006) for areas in Canada and Mexico. The regultmmbined temperature and precipitation

data was used to build the catchment allocation asdociated, network accumulation data
contained in the \VPUAttributeExtension folder.

Note: The temperature and precipitation grids dee®HDPlusV2 production, along with their
metadata, will be released after production forehtre country is completed.

\NHDPIlusMetadata\Runoff Metadata (not yet released)

Description: This file contains the metadata for the runoffadased to build NHDPIlusV2. The
runoff data was used to build the incremental catait allocation data contained in the
\WVPUAttributeExtension folder.

Note: The runoff grids used for NHDPIlusV2 prodanti along with their metadata, will be
released after production for the entire countryosipleted.
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NHDPIlusV2 National
Descriptions

Data Feature Class and Table

precision of the field.

characters in .dbf files.

The following conventions are used when descritbNhtpPlusV2 component attributes:
¢ Field formats are intended to be technology-neutPalmary and foreign keys are all long
integer format to facilitate relates and joinsh@tformats show the maximum size and

« A particular database technology may dictate theéb for a given field. As an example,
number with 6 total digits with 3 to the right &fet decimal point is specified in this volum
as (6,3), however it would be (7,3) in a .dbf file.

¢ All redundancy (un-normalized fields) in the datsbaas been introduced to increase
performance in the build/refresh tools and end-tcas.

« Allfield names are verbose to enhance readabhiityyever, in some implementation
formats, the field names may be truncated. Fomgie, field names will be truncated to 10

« Afield value of -9998 signifies that a value igpapable, but unknown.
« Afield value of -9999 signifies that a value ig applicable
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\NHDPIlusNationalData\GagelLoc (feature class)

GagelLoc contains the locations of streamflow gagethe NHDFlowline features

used in the EROM gage adjustment step (See Appée¥)dix

Field Name Description

ComiID Not populated, a unique id for each NHD ewas#igned during
the central NHD update process.

EventDate Date event was created

ReachCode ReachCode on which Stream Gage is located

ReachSMDat Reach Version Date (Not populated)

Reachresol Reach Resolution, always “Medium” (i:200K scale)

FeatureCom Reserved for future use

FeatureCla Reserved for future use

Source_Ori Originator of Event

Source_Dat Description of point entity

Source Fea Gage ID/USGS Site Number

Featuredet URL where detailed gage data can bel fiNWISWEB)

Measure Measure along reach where Stream Gagesaietbin percent
from downstream end of the one or more NHDFlowfaegures
that are assigned to the ReachCode

Offset Always zero

EventType “StreamGage”
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\NHDPIlusNationalData\Gagelnfo (table)

Gagelnfo contains information about each gage etadafrom the National Water Information

System (NWIS). This table is used in the EROM gagjeistment step.

Field Name Description

GagelD NWIS Gage ID

Agency CD Agency Code

Station_ NM Station Name

State CD State Code

State State name

SiteStatus “A” = Active, “I” = Inactive (flow measements taken in 201(
or 2011)

DA _SQ Mile NWIS Drainage Area (Sqg. Miles)

Lon_Site NWIS Longitude

Lat_Site NWIS Latitude

Lon_NHD NHD Longitude

Lat NHD NHD Latitude

Reviewed “Y” = NHD location was reviewed, “N” = No¢viewed




\NHDPIlusNationalData\Gage Smooth (table)

Gage_Smooth provides the mean annual and mean Imgatie flows. This table is used in the
EROM gage adjustment step (See Appendix A).

Variable Format Description

Site_No Char(16) The NWIS Gage ID
Year Char(4) The year

Month Char(2) The Month. “MA” = Mean

Annual, “01” = January,
“02” = February, etc.

Ave Double The mean flow for the
year/month at the gage (cfs$)
CompleteRe Integer 0 = There is not a complete

record for the time period.

1 = There is a complete
record for the time period.

A complete record is daily
flow values for every day in
the time period.

The time period is the
Year/Mo for a monthly
mean and the Year for a
annual mean. The gage
adjustments are only done
using records that have a
complete record.
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\NHDPIlusNationalData\nationalcat (grid)

Description: An ESRI integer grid containing a national vensiof the VPU cat grids (see
“\NHDPIlusCatchment\cat (grid)“). The cat grids taned in the individual VPUs are combined
to build the nationalcat grid. NHDPIlus catchmeares created for NHDFlowline features and for
Sink features.

The national cat grid is provided for display pwsee by users interested in the overall
distribution of catchments. Due to the large sitz¢he national dataset, data analysis requiring
linking NHDPIus data and attributes to the catchimg@nobably should be done at the VPU level
rather than at the national level. The catchmeidt (gat) at the VPU level has a raster attribute
table, with the attribute “FeaturelD” that can Is=d to link other NHDPIlus data and attributes
to the catchments.

Field Description Format
Name
Value The value stored in the grid cell, A unigo@mpact Long Integer

identification number for each catchment, Also nefd to as
GridCode — See FeaturelDGridCode
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NHDPIusV2 Core Feature Class, Grid, and Table Descriptions

The following conventions are used when describNhtipPlusVV2 component attributes:

*  Field formats are intended to be technology-neutPaimary and foreign keys are all long
integer format to facilitate relates and joins h@tformats show the maximum size and
precision of the field.

e A particular database technology may dictate the& for a given field. As an example,
number with 6 total digits with 3 to the right dfet decimal point is specified in this volume
as (6,3), however it would be (7,3) in a .dbf file.

* Allredundancy (un-normalized fields) in the datsdvhas been introduced to increase
performance in the build/refresh tools and end-tcsas.

e Allfield names are verbose to enhance readabfibyvever, in some implementation
formats, the field names may be truncated. Fomgka, field names will be truncated to 10
characters in .dbf files.

« Afield value of -9998 signifies that a value iplipable, but unknown.

» Afield value 0f-9999 signifies that a value is not applic:

13

\NHDPIlusCatchment\FeaturelDGridcode (table)

Description: Tables containing crosswalk between CatchmeatiiFelDs and gridcodes.

Field Name Description Format

FeaturelD FeaturelD of the Catchment which equedsGomID of an | Long Integer
NHDFlowline feature or the SinklID of a Sink feature

GridCode Unique, compact identification numberddCatchment Long Integer

RPUID RPU identifier for the Catchment Char(8)

SourceFC Source Feature Class (“NHDFlowline” ont3) Char(20)

\NHDPIlusCatchment\cat (grid)

Description: An Environmental Systems Research Institute (ESRBger grid dataset that
associates each cell with a catchment. NHDPlushoants are created for NHDFlowline
features and for Sink features.

Field Description Format
Name
Value The value stored in the grid cell; a uniquampact Long Integer

identification number for each catchment; alsomrefito as
GridCode — See FeaturelDGridCode

Count Number of grid cells with a particular valoghe Value field.| Long Integer
FeaturelD | FeaturelD of the Catchment which equesdomID of an Long Integer
NHDFlowline feature or the SinkID of a Sink feature
SourceFC Source Feature Class (“NHDFlowline” on3) Char(20)
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\NHDPIlusCatchment\Catchment (polygon feature class)

Description: Contains a catchment polygon for either an NHDHiloevfeature or a Sink feature.

Note: Some polygons may be multipart polygons.

Field Name | Description Format
FeaturelD FeaturelD of a Catchment which is equ#éhé ComID of an | Long Integer
NHDFlowline feature or the SinkID of a Sink feature

GridCode See FeaturnIDGridCode

AreaSgKm | Catchment area in square kilometers Nu)13

SourceFC Source Feature Class (“NHDFlowline” ont3) Char(20)

Shape_leng| Feature length in decimal degrees ke ES
documentation

Shape_Area Feature area in square decimal degrees ee ESRI
documentation

\NHDPIusAttributes\CumulativeArea (table)

Tables containing cumulative area upstream ef downstream end of an

Description:
NHDFlowline feature.
Field Name Description Format
ComID Common identifier of an NHDFlowline feature ong Integer
TotDASgKm | Total Upstream Cumulative Drainage Aliessquare Num(14,6)
kilometers, at the downstream end of the NHDFlowlin
feature
DivDASgKm | Divergence-routed Cumulative Drainage #&r square Num(14,6)
kilometers, at the downstream end of the NHDFlo/lin
feature
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\NHDPIusAttributes\DivFracMP (table)

Description: Contains specifications about the fraction @uanulative attribute to be routed
through each path in a divergence. The ComlID4is table represent NHDFlowline surface
water features, found in the PlusFlow table, tloainfa network divergence (i.e. a flow split).
All the paths in a given divergence are identifiedhis table by a unique NodeNumber.

When stream name is used to determine the mainpath divergence, the entries in the
DivFracMP table _do not override the mainpath desligm in the Divergence flag in
PlusFlowlineVAA. PlusFlowlineVAA.Divergence alwayfllows the named stream path.
When stream name does not determine the maingeh,alues in DivFracMP will establish
the value in PlusFlowlineVAA.Divergence.

All divergences are represented in this tableDiViFracMP values are specified, they are used in
the divergence routing method of all NHDPIlus acclatad attributes, such as drainage area.
Divergences where no information is known aboutfthetional split have DivFracMP.DivFrac

= -9998 for all paths in the divergence. In thése, the Divergence Routing method uses the
PlusFlowlineVAA.Divergence field and routes a fiantof 1 to the main path (i.e. Divergence =
1) and a fraction of 0 to all other paths (i.e. ®yence = 2). The impact of using DivFracMP in
the Divergence Routing method is discussed in@ectinderstanding and Using NHDPlusV2”".

When not set to -9998, the sum of the DivFrac \alfge all paths in a divergence (i.e. all
records with the same NodeNumber) must equal 1.

Field Name | Description Format

NodeNumber See PlusFlowlineVAA.FromNode Num(11)

ComID ComlD of an NHDFlowline feature which is alpan a Long Integer
divergence

DivFrac Fraction used for routing cumulative atiitdss down the Num(5,4)

flowlines paths in a divergence. Values betweand 1
StatusFlag Reserved for use during NHDPlusV2 BRedilesh Tools Char(1)
Processing
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\NHDPIusAttributes\ElevSlope (table)

Description: Elevation and slope derived for NHDFlowline featsir

Field Name Description Format
ComlID Common identifier of an NHDFlowline feature Long Integer
FDate See NHDFlowline

MaxElevRaw | Maximum elevation (unsmoothed) in ceetiens Num(10,3)
MinElevRaw | Minimum elevation (unsmoothed) in cergiars Num(10,3)
MaxElevSmo | Maximum elevation (smoothed) in centenet Num(10,3)
MinElevSmo | Minimum elevation (smoothed) in centigrst Num(10,3)
Slope Slope of flowline (meters/meters) based ooathed Num(12,8)

elevations; a value of -9998 means that no slopesvia
available. See Appendix A, step 22 for informatarout
slope computation.

ElevFixed Flag indicating that the downstream diewais fixed (i.e. Char(1)
not smoothed)
HWType “H” — real headwater, “A” — Artificial Headvater (i.e. all | Char(1)

inflows have Gapdist > 43m)
StatusFlag Reserved for use during NHDPlusV2 BRidiresh Tools | Char(1)
Processing
SlopeLenKm | NHDFlowline feature length (kilometeused to compute | Num(11,3)
slope. Will be less than NHDFlowline.LengthKM whire
NHDFlowline feature was trimmed during the hydro-
enforcement process. See Appendix A, step 14 &ridrl
information about trimming of NHDFlowlines.

\NHDPIusAttributes\HeadwaterNodeArea (table)

Description: For each headwater node in the surface wateronketthe HeadWaterNodeArea
table contains the size of the land area that gitaithe node at the upstream end of the flowline.

Field Name Description Format

ComlID Common identifier of an NHDFlowline feature | ong Integer

FDate See NHDFlowline

HwNodeSgKm Catchment area in square kilometersditzas to| Num(13,4)
the headwater node of the NHDFlowline featurg
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\NHDPIlusAttributes\MegaDiv (table)

Description: Table containing the PlusFlow records for diegrges that have more than two
outflow paths.

Field Name Description Format
FromComID | Common identifier of the upstream NHDHiow feature Long Integer
ToComlID Common identifier of the downstream NHDFlm& feature | Long Integer
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\NHDPIlusAttributes\PlusFlowlineVAA (table)

Description: Value Added Attributes (VAAs) for each NHDFlowlirieature that appears in the
PlusFlow table (i.e. every NHDFlowline with NHDFItme.FlowDir = “With Digitized”). The

NHDPIlusV2 Build/Refresh process
PlusFlowlineVAA table differs from the NHDFlowlineAA table.

populates the PbawgliheVAA table.

The

NHDFlowlineVAA is an

official part of the NHD schema, contains any VAAlwes that are stored in the NHD central
database and is not populated by the NHDPIlusV2dBréfresh process.

Additional documentation on VAAs can be found inp&pdix A under “Step 6” and “Step 10”
of the NHDPlusV2 Build/Refresh Tools process.

Field Name Description Format
ComlID Common identifier of an NHDFlowline feature Long
Integer
FDate See NHDFlowline
StreamLeve Stream level Num(2)
StreamOrde Modified Strahler Stream Order Num(2)
StreamCalc Stream Calculator Num(2)
FromNode Unique identifier for the point at the wf the NHDFlowline feature Num(11)
ToNode Unique identifier for the point at the exfdhe NHDFlowline Num(11)
feature
HydroSeq Hydrologic sequence number; places floeglin hydrologic order; | Num(11)
processing NHDFlowline features in ascending ordecpunters the
features from downstream to upstream; processig th
NHDFlowline features in descending order, encowwtiee features
from upstream to downstream.
LevelPathl Level Path Identifier - Hydrologic semge number of most Num(11)
downstream NHDFlowline feature in the level path

s http://en.wikipedia.org/wiki/Strahler number

* ftp://ftp.horizon-systems.com/NHDPlus/NHDPIlusV2 1 fmnentation/TechnicalDocs/SOSC_technical_paper.pdf
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PathLength Distance to the terminal NHDFlowlinattee downstream along thédum(13,4)
mainpath
TerminalPat Terminal Path Identifier - Hydrologegsience number of terminal Num(11)
NHDFlowline feature
ArbolateSu Arbolate Sum - Kilometers of streamtrgzsm of the bottom of the| Num(13,4)
NHDFlowline feature
Divergence 0 — feature is not part of a divergence Num(1)
1 — feature is the main path of a divergence
2 — feature is a minor path of a divergence
StartFlag 0 — feature is not a headwater flowline Num(1)
1 — feature is a headwater flowline
TerminalFl 0 — not a terminal NHDflowline feature Num(1)
1 — a terminal NHDFlowline feature
DnLevel Streamlevel of mainstem downstream NHDflog/feature Num(2)
ThinnerCod Not valued; Reserved for future use
UpLevelPat Upstream mainstem level path identifier Num(11)
UpHydroSeq Upstream mainstem hydrologic sequennger Num(11)
DnLevelPat Downstream mainstem level path idesrtifi Num(11)
DnMinorHyd Downstream minor hydrologic sequencenber Num(11)
DnDrainCou Count of NHDFlowline features immediatgownstream Num(2)
DnHydroSeq Downstream mainstem hydrologic sequanogber Num(11)
FromMeas ReachCode route measure (m-value) arbatttNHDFlowline Num(8,5)
feature
ToMeas ReachCode route measure (m-value) at thipiefFlowline feature | Num(8,5)
ReachCode See NHDFlowline
LengthKm See NHDFlowline
FCode See NHDFlowline
RtnDiv Returning Divergence Flag; Num(1)
0 = no upstream divergences return at the topiefNRHDFlowline
feature
1 = one or more upstream divergences returnecetaatwork at the
top of this NHDFlowline feature
OutDiv Not valued; Reserved for future use Num(1
DivEffect Not valued; Reserved for future use Num(1
VPUIn Are there VPU inflows? 0(no) or 1(yes) Num(1)
VPUOuUt Are there VPU Outflows? 0(no) or 1(yes) Njn(
TravTime Not valued; Reserved for future use; Sppehdix A, Velocity Stepl Num(6,3)
PathTime Not valued; Reserved for future use; SgeeAdix A, Velocity Step] Num(13,4)
AreaSgKm See Catchment
TotDASgKm See CumulativeArea
DivDASgKm See CumulativeArea
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\NHDPIusAttributes\PlusFlow (table)

Description: A table that describes flowing and non-flowing noections between
NHDFlowline features. The table contains entries 1) pairs of NHDFlowline features that
exchange water, (2) headwater NHDFlowline featu{@sterminal NHDFlowline features, (4)
surface water NHDFlowline features that connectdastline NHDFlowline features, and (5)
coastline NHDFlowline features that connect to eattier.

Note: Native NHD contains a flow table called NHDWI NHDFlow contains only geometric
connections between NHDFlowline features. PlusFlow the other hand, includes non-
geometric and geometric connections. Non-geomeatannections are used to represent
situations such as return flows along an intermatidoorder and underground connections in
karst topography.

Field Name Description Format
FromComID Common identifier for the upstream Long Integer
NHDFlowline feature
FromHydSeq HydroSeq of FromComID Num(11)
FromLvIPat LevelPathID of FromComID Num(11)
ToComID Common identifier for the downstream Long Integer
NHDFlowline feature
ToHydSeq Hydroseq of ToComID Num(11)
TolLvlPat LevelPathID of ToComID Num(11)
NodeNumber Node number at the bottom of FromConm® a | Num(11)
the top of ToComID
DeltaLevel Numerical difference between StreamLéwe Num(3)
FromComID and StreamLevel for ToComID
Direction 714 — coastal connection (FromComID rhaya | Num(3)

coastline and ToComID is always a coastline)
709 — flowing connection

712 — network start (ToComlID is a headwater)
713 — network end (FromComiD is a network

end)

GapDistKm Distance between the downstream end of Num(13,4)
FromComID and the upstream end of ToComlID

HasGeo “Y”es FromComID touches ToComlD, “N”"0, | Char(1)
there is a geometry gap between FromComID and
ToComlID

TotDASgKm See CumulativeArea

DivDASgKm See CumulativeArea
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\NHDPIusAttributes\PlusARPointEvent (table)

Description: A table containing point events which represéetlbcations of flow additions to

and flow removals from the stream network. Thewoek location is provided by the

ReachCode and measure base on the linear refegesystem of the NHDFlowline feature class.
The geometry of the point events may be derivedgusihe ArcGIS Linear Referencing Tool
called Make Route Event Layer.

Field Name Description Format
ComlID A nationally unique negative ComID assigned { Long Integer
the point of addition or removal
EventDate Data event was created Date
ReachCode See NHDFlowline Char(14)
ReachSMDat See NHDReachCode_ComlID table Date
ReachResol “Medium” Char(7)
FeatureCom Not valued Long Integer
FeatureCla Not valued Char(15)
Source_Ori Not valued Char(130)
Source_Dat Not valued Char(100)
Source_Fea External identifier of the event pajeterally a | Char(40)
key in an external database
FeatureDet URL link to information about the evpaint Char(254)
Measure m-value (0 to 100) of the point locatiamnglthe | Num(8,5)
NHDFlowline route defined by ReachCode
Offset Not valued Num
EventType “Addition” or “Removal” Char(100)
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\NHDPIusAttributes\PlusFlowAR (table)

Description: A table that describes the connections betweerNéiwline features, flow
addition points and flow removal points. See PRR&AintEvent

Type of Table Entry FromComID ToComiID
Flow addition Addition point NHDFlowline feature
Flow removal NHDFlowline feature] Removal point
Flow Transfer Removal point Addition point
Flow use/consumption| Removal point none
Field Name Description Format
FromComID ComlID of NHDFlowline feature, Additionjpb, | Long Integer
or Removal point
FromFC “NHDFlowline” or “PlusARPointEvent” Char(20)
ToComlID ComlID of NHDFlowline feature, Addition pdi | Long Integer
or Removal point
ToFC “NHDFlowline” or “PlusARPointEvent” Char(20)
Quantity Quantity of Flow through this connection uri(14,7)
Units Units of measurement for Quantity, “CFS” = | Num(3)
cubic feet per second
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\NHDPIlusFdrFacrrrrrrrr\fac (grid)

Description: An ESRI integer flow accumulation grid which cantathe number of cells within
the RPU draining to each cell within the RPU basedhe HydroDEM.

Field Description Format

Name

Value Number of cells that drain to each cell. E&RI
documentation

\NHDPIlusFdrFacrrrrrrrr\fdr (grid)

Description: An ESRI integer flow direction grid which contairtke codes that show the
direction water would flow from each grid cell withthe RPU based the HydroDEM.

Field Description Format

Name

Value The value for the grid cell. Can be asgigoee of eight See ESRI
possible values: documentation

0 _ Flow ends (sink)
1 - Flow is to the East
2 — Flow is to the Southeast
4 — Flow is to the South
8 — Flow is to the Southwest
16 — Flow is to the West
32 — Flow is to the Northwest
64 — Flow is to the North
128 — Flow is to the Northeast
Count Number of cells with a particular value ie ¥alue field Long Integer
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\NHDPIusFilledAreasrrrrrrrfilledareas (grid)

Description: An ESRI integer grid which identifies cells whialere raised by the Fill process.

Field Description Format

Name

Value The value for the grid cell. Can be asgigmee of two possible See ESRI
values: documentation

0 — Cell was not changed by the Fill process
1 — Cell was raised by the Fill process

Count Number of cells with a particular value ie Walue field Long Integer

\NHDPIlusCatSeedrrrrrrrr\catseed (grid)

Description: An ESRI integer grid which contains the codes #atw the locations of the seed
cells used to produce the NHDPIlusV2 catchments.

Field Description Format
Name
Value Gridcode of the catchment. See Featurn| DGk
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\NHDPIlusFdrNullrrrrrrrr\fdrnull (grid)

Description: An ESRI integer grid which contains the codes #hatw the direction water would
flow from each grid cell based on the HydroDEMertical to the fdr grid except that the stream
network cells are set to “no data”.

Field Description Format

Name

Value For Stream Network cells, No Data See ESRI
For cells not on the stream network, the valudgHergrid cell | documentation
is:

0 _ Flow ends (sink)
1 - Flow is to the East
2 — Flow is to the Southeast
4 — Flow is to the South
8 — Flow is to the Southwest
16 — Flow is to the West
32 — Flow is to the Northwest
64 — Flow is to the North
128 — Flow is to the Northeast
NoData — a stream network cell
Count Number of cells with a particular value ie ¥alue field Long Integer

\NHDPIlusHydroDemrrrrrrrr\hydrodem (grid)

Description: An ESRI integer grid of the hydro-conditioned tidjielevation model, with all
aspects of the NHDPIlus burn components integratddified. This grid is used to generate the
flow direction grid from which the flow accumulaticand catchment grids are generated. The
elevations are in centimeters.

Field Description Format

Name

Value Elevation value in centimeters See ESRI
documentation
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\NHDPIlusBurnComponents\BurnLineEvent (table)

Description: Events that describe the parts of NHDFlowline des¢ are used for hydro-

enforcement.

Field Name Description Format

ComlID Common identifier of an NHDFlowline feature ong Integer

GridCode See ComIDGridCode

Hydroseq See PlusFlowlineVAA

FCode See NHDFlowline

FType See NHDFlowline

Fdate See NHDFlowline

ReachCode See NHDFlowline

ReachSMDat| See NHDReachCodeComID

FromMeas Downstream BurnLineEvent Measure (m-value) Num(8,5)

ToMeas Upstream BurnLineEvent Measure (m-value) (B

StartFlag See PlusFlowlineVAA

LengthKm See PlusFlowlineVAA

BurnLenKm | Length of BurnLineEvent feature Num(7,3)

Divergence See PlusFlowlineVAA

StreamLevel | See PlusFlowlineVAA

StreamCalc See PlusFlowlineVAA

StatusFlag Reserved for use during NHDPIlusV2 BRidiresh Tools | Char(1)
Processing

INRPU RPU that contains the BurnLineEvent feature ext{B)

GridCode GridCode assigned to the NHDFlowline featu Long Integer

Catchment “Y” — line will receive a catchment, “NWill not receive a | Text(1)
catchment

Burn “Y” — line will be used for hydro-enforcemefiN” - will not | Text(1)
be used for hydro-enforcement
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\NHDPIlusBurnComponents\BurnWaterbody (polygon featu re class)

Description: NHDWaterbody and NHDArea features used for hydrfmeement.

Field Name Description Format

ComiID Common identifier of the NHDWaterbody featore Long Integer
NHDArea feature

SourceFC NHD Feature Class — “NHDWaterbody”, “NHRAT Character(20)

FCode See NHDWaterbody or NHDArea

ReachCode See NHDWaterbody

ReachSMDate See NHDReachCodeComID

OnOffNet On/Off network flag — 1 = On network, QOff network Num(1)
PurpCode Purpose Code Char(2)
PurpDesc Purpose Description Char(254)
Shape_Leng Feature Length in Decimal Degrees SBé¢ ES
documentation
Shape_Area Feature Area in Decimal Degrees See ESRI
documentation
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\NHDPIlusBurnComponents\Sink (point feature class)

Description: Point locations of sinks used for hydro-enforcetnen

Field Name Description Format
SinkID Unique identifier for Sink point Long Intege
GridCode See Catchment and Cat
PurpCode Purpose of Sink, See Appendix E Char(2)
PurpDesc Description of Sink Char(254)
StatusFlag Reserved for use during NHDPlusV2 BRidiresh Tools | Char(1)
Processing
FeaturelD The id of a feature in another featuas<l This is a Long Integer
ComiD, if the feature is in NHDFLowline or
NHDWaterbody
Gaz_ID, if the feature is in WBD_Subwatershed
PolylID, if the feature is in BurnAddWaterbody
SourceFC The feature class of the feature refedeimcEeaturelD. Char(20)
Values are “NHDFlowline”, “NHDWaterbody”,
“WBD_Subwatershed”, “BurnAddWaterbody”.
FDate If SourceFC = “NHDFlowline”, this is the Date
NHDFlowline.Fdate value.
GridCode GridCode assigned to the Sink point Lorigder
INRPU RPU ID that holds the Sink. Char(8)
Catchment “Y” — line will receive a catchment, “lt Null - will not Text(1)
receive a catchment
Burn “Y” — line will be used for hydro-enforcemefiN” or Null - | Text(1)
will not be used for hydro-enforcement
\NHDPIlusBurnComponents\Wall (line feature class)
Description: Lines used as walls in hydro-enforcement.
Field Name Description Format
WalllD Unique identifier for wall line Long Integer
Source_Id Place holder for WBD unique identifieot(part of the Long Integer
WBD data model used for NHDPIus)
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\NHDPIlusBurnComponents\LandSea (polygon feature cla

Description: Polygons used for hydro-enforcement along the NidBstline.

SS)

1 =Lland, -2 = Sea, -1 = Estuary

Field Name Description Format
LandSealD Unique identifier for land/sea polygon ngdnteger
Land A numeric code to identify land/sea/estuapaar Short Integer

\NHDPIlusBurnComponents\BurnAddLine (line feature cl

ass)

Description: Additional lines not in BurnLineEvent that are ded for hydro-enforcement.

puts the additional line is the proper hydrologqsence
with BurnLineEvent.

Field Name Description Format
LinelD Unique identifier for wall line Long Integer
PurpCode Purpose of added line. See Appendix E. xt(A)e
PurpDesc Description of added line. Text(254)
GridCode Manually assigned gridcodes. See AppefAdBtep 15. Long Integer
StreamlLeve Manually assigned stream level value Appendix A. Short Integer
HydroSeq See PlusFlowLineVAA; a manually assignachioer that Long Integer

\NHDPIlusBurnComponents\BurnAddWaterbody (polygon fe

class)

ature

Description: Additional waterbodies not in BurnWaterbody that aneeded for hydro-

enforcement.
Field Name Description Format
PolylD Unique identifier for wall line Long Integer
PurpCode Purpose of added waterbody (see Appendix E Text(2)
PurpDesc Description of added waterbody Text(254)
OnOffNet 0 = Off network, 1 = On network Short lg&z
FCode See NHDFCode
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NHDPIusV2 Extended Feature Class and Table Descriptions

The following conventions are used when describNirtpPlusV2 component attributes:

* Field formats are intended to be technology-neutPalmary and foreign keys are all long
integer format to facilitate relates and joins h@tformats show the maximum size and
precision of the field.

* A particular database technology may dictate theéb for a given field. As an example,
number with 6 total digits with 3 to the right et decimal point is specified in this volume
as (6,3), however it would be (7,3) in a .dbf file.

e Allredundancy (un-normalized fields) in the datsdaas been introduced to increase
performance in the build/refresh tools and end-tsas.

« Allfield names are verbose to enhance readabhlityever, in some implementation
formats, the field names may be truncated. Fomekea, field names will be truncated to 10
characters in .dbf files.

« Afield value of -9998 signifies that a value igapable, but unknown.

e Afield value 0f-9999 signifies that a value is not applic:

14

1

\EROMExtension\EROM_MAO0001 and EROM_mmO0001 (tables)

Description: Extended Unit Runoff Method (EROM) mean annuaWflstatistic estimates and
mean monthly flow statistic estimates for NHDFlavdifeatures in the NHDPIus networkihe
best EROM flow and velocity estimates are the gadjeisted values. These values are Q0O001E and
VOOOL1E, respectively, in the tables. Table 2 of HROM QA report provides an estimate of how good
these flow estimates are as compared to gage fleovs:natural” flows and velocities, the best esties

are the Reference Gage Regression values. Thasesvale Q0001C and V0001C, respectively, in the
tables. The “RefGage Reg” column in Table 3 of BHROM QA Report provides an estimate of how
good these flow estimates are as compared to ¢age. f

Note: In EROM_mmO0001, mm is 01 through 12 for daguhrough December.

All Flow estimates are in cubic feet per second)(&nd represent the flow at the bottom
(downstream end) of the NHDFlowline feature.

All Velocity computations are in feet per secongsjf using the Jobson Method (1996) and
represent the velocity at the bottom of the NHDHio/feature.

Field Name Description Format
ComlID Common identifier of an NHDFlowline feature ong Integer
QO001A Flow from runoff (cfs) Num(14,3)
VOOO1A Velocity for QO001A (fps) Num(14,5)
QIncrO001A Incremental Flow from runoff (cfs) Nur(h)
Q0001B Flow with Excess ET (cfs) Num(14,3)
V0001B Velocity for QO001B (fps) Num(13,5)
QIncr0001B Incremental Flow With Excess ET (cfs) nNW3,5)
Q0001C Flow with Reference Gage Regression apmi€D001B | Num(14,3)
(cfs)
V0001C Velocity for QO001C (fps) Num(13,5)
QIncro001C Incremental Flow by subtracting the saiimapstream Num(13,5)

63



Q<eeee>C flows from the sum of the upstream Q0001
(cfs)

Q0001D Flow with PlusFlowAR (cfs) Num(14,3)
V0001D Velocity for Q0001D (fps) Num(13,5)
QIncr0001D Incremental flow with PlusFlowAR (cfs) uhi(13,5)
QO001E Flow from gage adjustment (cfs) Num(14,3)
VOOO1E Velocity from gage adjustment (fps) Num(33,5
QIncrO001E Incremental flow from gage adjustmefg)(c Num(13,5)
QO001F Flow from gage sequestration step (cfs) N8
QIncrO001F Incremental flow from gage sequestrasiep (cfs) Num(13,5)
ARQOO001Nav PlusflowAR flow not available on flowdr{cfs) Num(14,3)
TempO0001 Catchment temperature (Deg. C) Num(14,5
PPT0001 Catchment precipitation (mm) Num(14,5)
PETO0001 Catchment PET (mm) Num(14,5)
QLoss0001 Catchment flow loss from Excess ET (cfs) Num(14,3)
QGO0001Ad;j Gage adjustment flow (cfs) Num(14,3)
QGO001Nav Gage adjustment flow not available ( cfs) Num(14,3)
DivDASgKm Divergence-routed cumulative area Numgl4
AreaSgKm See Catchment Num(14,6)
Lat Average Latitude of catchment in decimal degree Num(9,5)
GageAd| Flag indicating that Q<eeee>E and Qincr@8dve been| Text(1)
adjusted by gage flow. “0” = not adjusted, “2” justed,
including the NHDFlowline feature at the gage amel t
NHDFlowline features upstream.
AvgQAd] Gage Q adjusted for bottom of an NHDflovdifeature Num(14,3)
(cfs)
SMGagelD The ID of the gage located on NHDFlowlieature Text(16)
SMGageq Gaged flow measured by the gage on NHDFewl Num(14,3)
feature (cfs)
ETFractl Excess ET Fraction 1 Num(5,3)
ETFract2 Excess ET Fraction 2 Num(5,3)
A Reference gage regression coefficient “a” Nunf)ll,
B Reference gage regression coefficient “b” Nunf)ll,
BCF Reference gage regression Bias Correction Facto Num(11,5)
r2 Reference gage regression Log-Log r Num(11,4)
SER Reference gage regression log-log Standard &rtbe Num(11,5)
Regression
NRef Number of Reference gages used in the ragress Num(5,4)
GageSeqP Proportion of gages to sequester in geesgajuestration| Num(5,3)
step. Values O to 1.
GageSeq 0 = gage not sequestered, 1= gage segqdester Num(5,3)
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\EROMExtension\EROMQA 0001 (pdf)

Description: QA statistics, in report form, for the EROM meamual and mean monthly flow
estimates contained in \EROMExtension\EROM_MA000d EROM_mmO0001 tables.
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\EROMExtension\EROMQA _MAO0001 and EROMQA_mmOO001 (tab les)

Description: QA statistics in table form for the EROM mean aanfiow estimates in the
EROMMA_0001 and for the mean monthly flow estimateEROM_mmO0O001. The file layout

is designed to facilitate graphical and statistimaalyses. All data values are adjusted for the
bottom of the flowline. The files are sorted by @Rgf so that all of the reference gages are at
the top of the file; this is useful for users whanwto look at graphs or additional statistics for
only the reference gages.

Note: In EROMQA_mmO0001, mm is 01 through 12 forukny thru December.

Field Name Description Format

ComiID Common identifier of an NHDFlowline | Long Integer
feature

GagelD The NWIS gageid Text(16)

GageRef Text field: “Ref” = Falcone Reference | Char(3)
Gage. Blank = not Reference gage.

DivDASgKm The NHDPIlusV2 divergence-routed Num(14,3)
drainage area at the bottom of the
flowline.(SgKm)

QE The Gage Flow (cfs) Num(14,3)
A Cumulative runoff (cfs) Num(14,3)
QB Q A — Excess ET (EET) (cfs) Num(14,3)

QC Q_A - EET +/- Refgage Regression Num(14,3)
Adjustment (cfs)
QD Q_A - EET +/ Refgage Regression Num(14,3)
Adjustment +/- PlusFlowAR (cfs)
Q_ EUnitRo Q_E / DivDASgKm (cfs/sgkm) Num(14,3)
Q_AUnitRo Q_ A/ DivDASgKm (cfs/sgkm) Num(14,3)
Q BUnitRo Q B/ DivDASgKm (cfs/sgkm) Num(14,3)
Q_CuUnitRo Q_C/ DivDASgKm (cfs/sgkm) Num(14,3)
Q_DUnitRo Q D/ DivDASgKm (cfs/sgkm) Num(14,3)
Q_AbDelta Q E—-Q A(cfs) Num(14,3)
Q_BDelta Q E-Q B (cfs) Num(14,3)
Q_CPDelta Q E—-Q C (cfs) Num(14,3)
Q DDelta Q E—-Q D (cfs) Num(14,3)
Q_ AUROoDelt Q_Eunitro — Q_Aunitro (cfs/sgkm) Num(3)4,
Q BUROoDelt Q_Eunitro — Q_Bunitro (cfs/sgkm) Num@¥,
Q CURaDelt Q_Eunitro — Q_Cunitro (cfs/sgkm) Num@)4,
Q_DUROoDelt Q_Eunitro — Q_Dunitro (cfs/sgkm) Num@¥,
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\VogelExtension\VogelFlow (table)

Description: Vogel Method flow volume and velocity estimates &HD flowlines. The Vogel
Method is not applicable for total drainage areages that fall outside of the AreaMax and
AreaMin values in the Vogel_Coefficients Table (#g@endix A, Vogel ). These drainage area
ranges vary by Hydroregion.

Field Name Description Format

ComlID Common identifier of an NHDFlowline feature Long Integer

MAFlowV Mean Annual Flow (cfs) at bottom of flowle using Vogel| Num(14,7)
Method.

MAVelV Mean Annual Velocity (fps) at bottom of fldme using Num(8,5)
Jobson Method (1996) with MAFlowV.
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\VPUAttributeExtension\IncrLat (comma delimited tab le)

Description: Mean latitude of each NHDPlusV2 catchment.

Hydrologic Sequence Number of the feature; When
FeaturelD represents a Sink, set to -9998

Field Name | Description Format
FeaturelD FeaturelD of an NHDPIusV2 Catchment Lbrigger
MissDataA Area of Catchment with no data Num(13,4)
LatvVT Value Type, “V” meaning average Char(1)
LatV Mean latitude in degrees Num(5,2)
HydroSeq When FeaturelD represents an NHDFlowkagure, the | Num(11)
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\VPUAttributeExtension\ROMAOO001 and ROMMmMmOO001 (com ma
delimited tables)

Description: Mean annual and mean monthly runoff in the afesaoh NHDPlusV2 catchment.

There is a mean monthly table for each month (m@il=through 12). Mean annual runoff
values were used in computing EROM mean annual @stimates. The mean monthly runoff
values will be used to compute EROM mean montldw féstimates in the future (see Appendix
A: EROM).

Note: If a catchment extends beyond the extent of theffudata (e.g. into Canada or Mexico),
the value will be the runoff over the portion oétbatchment which does have data. MissDataA
will contain the area in the catchment where data mot available.

Field Name | Description Format
FeaturelD FeaturelD of an NHDPlusV2 Catchment Lbigger
MissDataA Area of Catchment with no data Num(13,4)
RunOffVT Value Type, “V” meaning average Char(1)
RunOffV Mean runoff (mm) Num(5,2)
HydroSeq When FeaturelD represents an NHDFlowkagure, the | Num(11)

Hydrologic Sequence Number of the feature; When

FeaturelD represents a Sink, set to -9998
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\NHDPIusAttributeExtension\incrPrecipMA and IncrPre  cipMMmm
(tables)
Description:  Mean annual and mean monthly precipitation ayedlaover the area of each

NHDPIlusV2 catchment. IncrPrecipMA contains the memnual precipitation and the 12
IncrPrecipMMnn tables contain the mean monthly ealawvhere mm = 01 through 12). The
precipitation values have been computed using dwghich combined the Parameter-elevation
Regressions on Independent Slopes Model data (PR(St://www.prismclimate.org) for the
conterminous U.S. and a set of 1-km grids fromGheadian Forest Service, Natural Resources
Canada, for areas in Canada. Mean annual pretips/avere used in computing EROM mean
annual flow estimates. The mean monthly precipesiwill be used to compute EROM mean
monthly flow estimates in the future. (see AppendlixEROM)

Note: If a catchment extends into Mexico and thereforgobd the extent of the precipitation
data, the value will be the average over the portb the catchment which does have data.
MissDataA will contain the area in the catchmenerehdata was not available.

Field Name | Description Format
FeaturelD FeaturelD of an NHDPIlusV2 Catchment Lbrigger
MissDataA Area of Catchment with no data Num(13,4)
PrecipVT Value Type, “V” meaning average Char(1)
PrecipV Mean precipitation in millimeters * 100 N(BP)
HydroSeq When FeaturelD represents an NHDFlowkagure, the | Num(11)

Hydrologic Sequence Number of the feature; When

FeaturelD represents a Sink, set to -9998

\NHDPIlusAttributeExtension\CumTotPrecipMA and CumDi  vPrecipMA

(tables)

Description: Mean annual precipitation accumulated down the Rldidline network. Two
tables are created: (1) Total upstream accumulatiod (2) Accumulation based on the
Divergence Routed method.

Field Name Description Format
FeaturelD ComID of an NHDFlowline feature and, whapplicable, | Long Integer
FeaturelD of an NHDPlusV2 Catchment
MissDataA Area of Drainage Area with no data Nunyl3
PrecipCT Value Type, “V” meaning average Char(1)
PrecipCV Mean annual precipitation in area upstreéthe bottom | Num(5,2)
of flowline in millimeters * 100
Hydroseq Hydrologic Sequence Number of an NHDFloevfieature | Num(11)
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\NHDPIlusAttributeExtension\IncrTempMA and IncrTempM  Mmm

(tables)

Description: Mean annual and mean monthly temperature averaged the area of each
catchment. IncrPrecipMA contains the mean annuadipitation and the 12 IncrPrecipMMnn
tables contain the mean monthly values where mr thi@ugh 12). The temerature values have
been computed using a grid which combined the Peterrelevation Regressions on
Independent Slopes Model data (PRISM) (http://wwistpclimate.org) for the conterminous
U.S. and a set of 1-km grids provided by the Caradtorest Service, Natural Resources
Canada, for areas in Canada. Mean annual tempenslues were used in computing EROM
mean annual flow estimates. The mean monthly testyre values will be used to compute
EROM mean monthly flow estimates in the future (&ppendix A: EROM)

Note: If a catchment extends into Mexico and thereforgohd the extent of the temperature
data, the value will be the average over the portb the catchment which does have data.

MissDataA will contain the area in the catchmenemhdata was not available.

Field Name Description Format
FeaturelD FeaturelD of an NHDPIusV2 Catchment Lbrigger
MissDataA Area of Catchments with no data Num(13,4)
TempVT Value Type, “V” meaning average Char(1)
TempV Mean annual temperature in degrees centigra08 Num(5,2)
HydroSeq When FeaturelD represents an NHDFlowkagure, the | Num(11)

Hydrologic Sequence Number of the feature; When

FeaturelD represents a Sink, set to -9998

\NHDPIlusAttributeExtension\CumTotTempMA and CumDivT  empMA

(tables)

Description: Mean annual temperature accumulated down the iflewletwork. Two types of

tables are created:

Divergence Routed method.

(1) Total upstream accumulasiod (2) Accumulation based on the

Field Name Description Format

FeaturelD ComID of an NHDFlowline feature and, whapplicable, | Long Integer
FeaturelD of an NHDPlusV2 Catchment

MissDataA Area of Drainage Areas with no data Nuq L

TempVCT Value Type, “V” meaning average Char(1)

TempVC Mean annual temperature in area upstreaghediottom of| Num(5,2)
flowline in degrees centigrade * 100

Hydroseq Hydrologic Sequence Number of an NHDFloevfieature | Num(11)
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Understanding and Using NHDPlusV2

Note: User-written scripts that illustrate the usk NHDPlusV2 will be posted on the
NHDPIusV2 Web page.

NHDPIus and Divergences

The NHDPIlusV2 network includes complex network comgnts, especially divergent and
complex flow paths. These types of network compthere illustrated in Figure 7. A

convergent junction is the simplest type of junctiand poses no problems in downstream
routing and accumulating attributes, such as dgmnarea. Divergent and other types of
complex junctions, however, pose particular issoe®mputing cumulative values. These issues
and how the cumulative values are computed in NIHEN?2 are described below.

NHDPIlus: Complex Hydrography

Complex

Convergent Divergent )
Junction

Junction Junction

Figure 7: NHDPIusV2 Complex Hydrography

The DIVERGENCE field in the \NHDPIlusAttributes\PklswlineVAA table defines “main”
and “minor” paths at divergences. One path isgheded as the main path and is given a
DIVERGENCE field value of “1”. All other paths ithe divergence are designated as minor
paths and are given a DIVERGENCE field value of, ‘@S illustrated in Figure 8.
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Minor Path Main Path
Divergence =2 Divergence =1

Figure 8: Main and Minor Paths in NHDPIlusV2

In many cases, the divergences are “local”, as showrigure 9, where the divergence returns to
the main network at the next downstream confluencéhe red flowlines represent the
divergences. The blue lines represent flowlines affected by these divergences because the
divergent streams have rejoined the network upstiefahe blue lines.

U

Figure 9: “Local” Divergences
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There are many situations in NHDPIusV2 which arelmmore complex; for example multiple
divergences, braided streams, coastal drainagerpsttand divergences where the divergent
flowlines never re-join the network downstream. #isown in Figure 10Q these complex
divergences do not return immediately to the maétwork and may flow into additional
divergences and return to the main network manyesnilownstream. In routing and
accumulating downstream, cumulative values will d&féected by divergences on the red
flowlines while the blue flowlines are not affectbég the divergences. As can be seen, the
divergences can affect multiple flowlines.

Figure 10: More Complex Divergent Junction Example

Total Upstream Accumulation and Divergence-Routed A ccumulation

When accumulating attributes downstream along th¢DRIusV2 network, there are two
approaches. The first approach is called “totatigam accumulation” which means that the
accumulated value for an attribute, at each NHDRienwfeature along the network, is the total
value of the attribute upstream of the bottom ef MHDFlowline feature. The second approach
is called “divergence-routed accumulation” whichame that at each divergence, a portion of the
accumulation is routed down each path of the detecg such that the sum of the portions is
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100% of the accumulation. The divergence-routenimetilation values for an attribute, at each
NHDFlowline feature along the network, will not lnde portions that have been routed down
minor divergent paths that have not yet returnetthéamain network.

At the vast majority of divergences, there is nowledge of how to apportion an accumulation
down each path of a divergence. Where there isnowledge, NHDPIlusV2 uses defaults that
route 100% down main paths (PlusFlowlineVAA.Divarge=1) and 0% down minor paths
(PlusFlowlineVAA.Divergence=2). The NHDPIlusV2 tahtalled DivFracMP enabled, during
NHDPIusV2 production, the specification of percgas other than 100% and 0%, to be routed
down the main and minor paths, respectively. @&hrae a handful of locations where stream
gage information provided something other than @4/0% split and the actual split is recorded
in DivFracMP.

As shown in Figure 11, the effect of using the Dgence-Routed accumulation method, in the
absence of information from DivFracMP, is that,moimor divergent flowlines and the flowlines
downstream of the minor divergences (until the jeat path re-joins the main path), the values
(such as drainage area, flow, and all other cunwvelattributes) will not include the cumulative
values upstream of the divergence.

Cumulative Attributes
Routed down the main path

I
I
I
I
I
I
I
I
I
I
I
X

Main Path
Divergence =1

Minor Path
Divergence =2

Figure 11: Divergence-Routed Accumulation Methadributes are routed down the main path

Building an NHDPIlusV2 Attribute Accumulator

There are two types of requirements for attributeuenulation: site specific accumulation or an
accumulation across the entire network. Site $jpeaccumulation can be done easily with
upstream navigation followed by aggregation, basedhe navigation results, of any attributes
that have been assigned to NHDFlowline featuretheir associated catchments. An entire
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network accumulation is one where the desired baties are accumulated for each
NHDFlowline feature and saved in an attribute talite future use. Entire network
accumulations need a program or script to accomghg accumulation task. This section
addresses the specifications for such a program.

For example, assume that a new attribute has befamed and that incremental values for the
attribute have been assigned to each NHDFlowlia¢ufe or its catchment. The objective of
accumulation is to aggregate the incremental vatues that, at any particular NHDFlowline

feature/catchment in the network, the value of #tiibute for the area upstream of the
feature/catchment is computed. Aggregation usksreint mathematical operations depending
on the attribute being aggregated. For exampke,‘dhainage area” attribute is additive, while
the “percent of area in forest” is computed usin@eea-weighted average.

There are two techniques for accumulating attribufer every flowline: Total Upstream
Accumulation and Divergence-routed Accumulatione(ssection entitled “Total Upstream
Accumulation and Divergence-Routed Accumulation”).

The Divergence-Routed accumulation method startshattop of the network and moves
downstream aggregating together the features’/oegals’ incremental values and storing the
result at each feature/catchment. The advantaghi®fmethod is that it is fast, taking only
minutes to run. The disadvantage of this methothas it must make decisions at flow splits
(divergences) about which way to route the accutedl@alue. The value may not be routed
down both paths of a divergence because, if tho@rging paths come back together (which is
frequently the case), the accumulation will begm double-count the attribute. In the
NHDPIusV2 accumulated attributes, both accumulat@thods are used and cumulative values
are provided for both methods. It is easy to $ed# the Divergence-Routed Accumulation
method is very sensitive to errors in divergencasgfications. When the wrong path is
designated as the major path, the accumulation doem the wrong path. In addition,
NHDFlowline features that are downstream of divamgs that have not yet returned to the
major network path will not receive the full accuated value from upstream. This may be
appropriate for some attributes but not for others.

The Total-Upstream Accumulation Method is similar the site specific method, discussed
above, where the accumulation for each NHDFlowlieature is the aggregation of all the
incremental values from upstream. The advantagdssomethod are that it is not sensitive to
errors in divergence classifications and alwayggithe full accumulated value regardless of the
presence of upstream unresolved divergences. Haehdintage of this method is that it takes
some time to run — hours, perhaps days, not minutes

Specifications for a script which performs the Dgence-Routed method are provided here. As
an example, begin with a file that contains NHDHRiow feature ComIDs or Catchment

FeaturelDs and the incremental value for a singlgbate that has been assigned to each
NHDFlowline feature or catchment. For this speeifion, assume that the file is called

IncrementalAttributeFile and that it has the fie@smID and AttrValue.
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1. Add to IncrementalAttributeFile a field for the culative value for the attribute. Let's
call this CumAttrValue.

2. Join IncrementalAttributeFile with \NHDPIlusAttriteg\PlusFlowlineVAA using
ComID. For performance, we’ll delete from the jdhfile every record that has
hydroseq = 0. These lines are not in the NHDPlusiw@am network, therefore they are
not needed in an accumulation.

3. Sort the joined file by Hydroseq descending.

4. Accumulation procedure:

4.1. Get next record from the sorted file. If end ¢ fiquit.

4.2. If PlusFlowlineVAA.Startflag = 1 (i.e., this is aehdwater and there is nothing
upstream) or PlusFlowlineVAA.Divergence = 2 (i.eothing is routed down the
minor paths of the divergence), then set CumAti€at AttrValue and go to step

4.1.
4.3. Find all the inflows to this current NHDFlowlinedwire: inflows are records in
the joined file where the PlusFlowlineVAA.tonode =

PlusFlowlineVAA.fromnode of the current flowline.
4.4, Set CumAttrValue = AttrValue + the CumAttrValue feach inflow.
45. Gotostep4.1.

This procedure routes the accumulation down thenpadh at each divergence. Alternatively, the
accumulation may be apportioned to the differerthpan the divergence using the contents of
\NHDPIlusAttributes\DivFracMP table or other appomning method, as long as 100% (neither
less nor more) of the accumulation is routed ddvengaths from any single divergence.

Understanding NHDPIus Slope

NHDPIus slope is unit-less. It can be viewed agcamor m/m or km/km. The units are the
same in both the numerator and denominator anceftirer cancel out. Cm/cm appears
elsewhere in this documentation to show thatuinis-less.

Minimum and maximum smoothed elevations for flowBn in the
\NHDPIlusAttributes\ElevSlope table, are expressetheters and NHDFlowline feature length,
in the NHDFlowline feature class, is in kilometer3herefore when slope is calculated with
these fields the result is slope in meters pemkdter (m/km):

maxelevsmo(m) - minelevsmo(m)
= slapa/km

LengthKM(km)

To get the unit-less slope given in \NHDPIlusAtttdsiElevslope.slope the units must be
converted as follows:

slope in m/km * 1 km/1000m = slope (unit-less)

NHDPIlus slopes are constrained to be greater thagual to 0.00001.
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Finding the Upstream Inflows to an NHDPIlus Dataset

All NHDPlusV2 VPU workspaces are hydrologically colete drainage areas except the
datasets that make up the Colorado River (NHDPIlwaidt NHDPIlus15) and the Mississippi
River (NHDPIus05, NHDPIlus06, NHDPIlus07, NHDPIlus®@&cluding the 4-digit HUC 0318),
NHDPIus10L, NHDPIlus10U, and NHDPIlus11). When natiitg the stream network in either
of these areas, it is necessary to determine ihéwegation should be continued in an upstream
or downstream NHDPIusV2 VPU workspace.

It is possible to determine upstream inflows to &tDPlusV2 VPU workspace by using the
\NHDPIlusGlobalData\ANHDPIlusConnects table. All rat#°U connections are stored as records
in this table.

Finding all the Tributaries to a Stretch of River
First, find the stretch of interest along the mawer using one of these methods:

Method 1: Navigate upstream mainstem on the mayar rfrom the desired starting
flowline for the desired distance.

Method 2: Use the attributes in the \NHDPIlusAtttés\PlusFlowlineVAA table.
Establish the StartPathlength as the Pathlengtibutee of the starting NHDFlowline
feature. Query all NHDFlowline features with thejor river's LevelPathID where
(Pathlength - StartingPathlength) <= desired deanf the desired stretch of river does
not start at the mouth of the river, remove from ¢uery any NHDFlowline features that
have Hydroseq < Hydroseq of the starting NHDFlow/lieature.

Then, find the tributaries to the stretch:
Join the \NHDPIusAttributes\PlusFlow.ToComID to st of ComIDs from Method1 or
Method?2.
All' the \NHDPIlusAttributes\Plusflow.FromComID's ithe joined records are the
ComlIDs of the downstream NHDFlowline features @f thibutaries to the desired stretch
of main river.

NHDFlowline Features with "Known Flow" vs. Features with “Unknown
Flow”

There are approximately 3 million NHDFlowline feeds in NHDPlusV2. Most, but not all, of
these features have a known flow direction. Flowedion information is contained in an
attribute called FlowDir in the NHDFlowline featuctass attribute table. FlowDir can have the
values “With Digitized” (known flow direction) orUninitialized” (unknown flow direction).
The features having unknown flow direction are puily of three types: isolated stream
segments, canal/ditches, and some channels insatietd networks. The features with known
flow direction are the subset of the NHDFlowlinatiere class which makeup the NHDPlusVv2
surface water network. The “plus” part of NHDPI&sM built just for the flowlines with known
flow direction. In other words, catchments andilaites based on catchment area are only
included in NHDPIlusV2 features with known flow diten. When using NHDPlusV2, it is
useful to symbolize the NHDFlowline feature claseng the FlowDir attribute. This will help
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eliminate confusion about what is considered inNMHDPIlusV2 surface water network and what
is not. In Figure 12 the dark blue lines are those NHDFlowline feagunath known flow
direction and, consequently, are included in thiisppart of NHDPIlusV2. The broad cyan
lines are NHDFlowline features with unknown flowedition and, consequently, are not part of

the “plus” part of NHDPlusV2.
L

e
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Figure 12: NHDFlowline Features With Known and Uakm Flow Direction

How WBD Boundaries Relate to NHDPIlusV2 Catchment Bo  undaries

The latest available WBD version was used for &l during NHDPIlusV2 processing. The
WBD stewardship team performed an edit pass a¢hes$).S. in advance of the NHDPlusV2
processing, to ensure that the WBD was as up-te-a@atpossible for each of the NHDPlusV2
VPUs. NHDPIlusV2 data includes, in the VPU \WBDSrmegisfolders, the WBD boundaries
used during catchment delineation in each VPU.

The date of the WBD snapshot that was used for a#eti’s NHDPIlusV2 processing is
provided in the NHDPlusV2 metadata found in the INMusV2nn_Metadata folder. The
chronology of WBD updates that occurred duringi¢DPlusV2 production is provided in the
\NHDPIlusV2nn_Metadata\wbd_poly_seamless_yyyymmdtd.m&he process descriptions are
chronological and one can see what updates wera/batlupdates were not in each snapshot.

Prior to public release, the NHD snapshot Reach€ateNHDFlowline and NHDWaterbody
features were adjusted to reflect the HUCS8s in21i¢2012 version of WBD. This means that,
in some NHDPIlusV2 workspaces, there are some NHBIFHe and NHDWaterbody features
may have ReachCodes that reflect a different hgdrolregion than the VPU in which the
features are stored. For example, the \NHDPIlusiIBRIusO1\NHDSnapshot has ReachCodes
that start with "0415".
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How do Catchment Boundaries differ from WBD Snapsho t Boundaries

This topic is discussed in detail in Appendix F.

Main Flowline Network vs. Isolated Networks

The majority of the NHDPIus surface water netwag&ttires drain to the Atlantic Ocean, Pacific
Ocean, Gulf of Mexico, Canada, Mexico, or to ongh#f Great Lakes. These features are the
ones that compose the NHDPIlus “main” flowline natewoln addition, NHDPlus contains many
isolated networks throughout the U.S. An isolatetivork is one that appears to terminate into
the ground. Many isolated networks either seep itite ground or end due to excess
evaporation. These are often called “non-contmigitnetworks and, while they can occur in
any part of the country, they are found primaribuid in the Southwestern U.S. and in
southeastern parts of hydrologic region 17 (PadWarthwest). Some isolated networks are
mapping errors. These networks should be conndotéide main NHDPIlus networkFigure

13: and Figure 14 illustrate isolated networks that are non-contiiy and mapping errors,
respectively.

§
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Figure 13: Non-contributing Isolated Networks Tiaes are terminal segments of isolated networks.

80



Figure 14: Map error - The cross-hairs are theesdf USGS quad maps.

Isolated networks may be located in any NHDPlus¥érige area. To find isolated networks,
join the PlusFlowlineVAA attribute table to the NIFDwline feature class using the ComID
field in each. Then select all flowlines with FhlswvlineVAA. Terminalfl = 1. The flowlines
selected will be those with known flow directiorathare considered by the NHD Snapshot as
terminal flowlines.

Catchment delineation and flow grids for isolatedworks have been much improved between
NHDPIusV1 and NHDPIusV2. This has occurred for tmain reasons. First, there was an
extensive effort to connect up isolated networksh® main network, for networks that were
isoated because of mapping errors. Second, sirgke wlaced at the terminal ends of the
networks that remained isolated in NHDPIusV2. Fegli5 shows synthetic networks generated
from the fdr and fac grids for the same area, camgaNHDPIusV1 to NHDPIlusV2. The
improved alignment of the NHD streams with the bgtit network results in much better
catchment delineation.
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NHDPIus Version 1 NHDPlus Version 2

Figure 15 — lllustration showing the horizontalpdacement between the NHD streams of an isolatedonk, in
blue on the left image (NHDPIlusV1) to the synthetieams of the “filled” HydroDEM in red. In NHD#dV2
shown on the right, the previously isolated netwisr&onnected to the main network and the displacerihas been
eliminated. Placement of sinks at the ends oftsdl networks in NHDPlusV2 also eliminates thisstgb
displacement for isolated networks that remaireitsal.
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NHDFlowline Features With and Without Catchments

In general catchments are generated for networked Mowlines (FlowDir = “With Digitized”).
However, with Version 2 NHDPIlus, some networkedvflnes were intentionally removed from the set
of features for catchment generation. Examplesidelpipelines, elevated canals, flowlines that liainf
with the WBD, and other data conditions that areutioented in each of the VPU Release Notes. The
CATCHMENT field in BurnLineEvent identifies the fidines that were designated as “N” for no
catchment.

A common reason for flowlines without catchmentdug to the resolution of the NED data. Catchments
were not generated for many very short flowlinegragimately 42 meters or less in length (42 meiers
the diagonal distance across a 30 meter grid cdlhis happens when longer flowlines fall withireth
same area (stream cells) that also contains a steoyt flowline. In such cases the stream cells are
typically assigned to the longer flowline. And cetchment is delineated for the very short flowline

In rare circumstances, flowlines longer than 42 ametmay not have been assigned a catchment,
depending on the spatial configuration of a flowlinith other flowlines. In these cases, flowlineaym
run parallel with each other within a given celdanay continue for several cells over the entirglle of

one of the flowlines. In such a case, all of tescused as seeds to delineate the catchmentdenay
assigned to just one of the lines. In such casesmtthments will be delineated for the short fiowl

Using the NHDPIlus Value Added Attributes (VAAS) for Non-Navigation
Tasks

The attributes in the \NHDPIlusAttributes\PlusFlom:VAA table provide several powerful
capabilities for users. All of the figures in th@léwing examples use Hydrologic Region 2, the
Mid-Atlantic.

Details on the computation of the VAAs can be foundppendix A, Steps 6 and 10
Example 1: Using LevelPathID to Generalize the Stem Network based on Stream Length

The mainstem of each stream is assigned a unicemtifidr VAA called “LevelPathID”.
LevelPathID is equal to the Hydroseq value of thesimdownstream flowline on that river.
LevelPathID can be used in conjunction with NHDHioe feature LengthKM (also in the VAA
table) to build a table of the total lengths fockeanainstem of every networked stream/river.
The SQL statement is as follows:

SELECT PlusFlowlineVAA.LevelPathID, Sum(PlusFlovdMAA.LengthKM) AS strmlength
INTO strmleng

FROM PlusFlowlineVAA BY PlusFlowlineVAA.LevelPathID

HAVING (PlusFlowlineVAA.LevelPathID)>0);

The above SQL statement creates a variable nammatesgth as the sum of the lengths of all
NHDFlowline features by LevelPathlD and puts thedlPathID and strmlength variables into a
table named “strmleng”. Figure 16 highlightsaflthe mainstem rivers greater than or equal to
100 Km in length. Note that any length thresholteda can be used as desired.
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Figure 16: Streams Greater than or Equal to 100rkéters in Length
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Example 2: Selecting an Individual River or an Indvidual Terminal River Basin

TerminalPathID is a VAA that contains the same galar the NHDFlowline features in an
entire drainage area. For convenience, TerminalPais set to the Hydroseq VAA of the
terminal NHDFlowline feature in the drainage. Isetay, for example, that the Potomac River
has a most downstream Hydroseq of 9169600001. méans that by the VAA conventions, the
LevelPathID for the Potomac mainstem is assignésl thlue and, since the Potomac is the
terminus of the drainage area, every networked NEWDIhe feature in the Potomac Basin is
assigned this value as the TerminalPathID. Fidikeshows the selection of LevelPathID =
9169600001, which selects the mainstem of the PatdRiver. Figure 18shows the selection
of TerminalPathID = 9169600001 which selects th@eiRotomac River Basin.

Figure 17: The Mainstem of the Potomac River by&ahg LevelPathID=9169600001
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Figure 18: The Potomac River Basin by SelectingriiealPA = 9169600001
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Example 3: Profile Plots

Plots of data along a river where the x-axis isrther mile (or river kilometer) are widely used
for showing data and modeling results. The NHDPRISMAS contain the basic information to
readily develop profile plots. Previous VAA exangpkkhowed how the LevelPathID can be used
to identify every flowline on a river. Another VAARathLength, is the length from the bottom of
the NHDFlowline feature to the end of the netwdr&r instance, every flowline in the Missouri
drainage basin has a PathLength value that teNs fap away it is from the mouth of the
Mississippi River.

The basic profile plotting procedure is to seléet NHDFlowline features using the LevelPathID
for the river of interest and assign a data valuehoice (for example, a modeling result) to the
ComIDs of the selected NHDFlowline features. Inelutie VAA named PathLength in the
dataset, and then plot data using PathLength as#&hés and data value as the y-axis.

This example uses the mainstem of the Potomac Riatr_ength variable as the x-axis and the
data value of choice is the \NHDPIusAttributes\Hmwpe.MinElevSmo (minimum smoothed)
elevation values for the y-axis. This particulastpshown in Figure 19, is interesting because the
elevation change near PathLength 180 is dramaiijg where the Potomac River changes from
free-flowing to estuarine. This plot goes from detvaam to upstream but it is a simple matter
to reverse the x-axis as desired.

Elevation Along the Potomac River Mainstem
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Figure 19: An Elevation Profile Plot of the Mainstef the Potomac River
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Example 5: Stream Order

The NHDPIlusV2 stream order is based on a moditoatif the Strahler Method. Stream order
is a classic method for ranking streams accordirgjze.

Mapping or classifying NHDFlowline features on thasis of stream order can help to rank
features by size within the network, selecting stseams of only certain orders, or aggregating
data by stream order. Some examples of mappirsgrégm order are shown below.

Figure 20 shows different colors for each stream order foaeea in the Mid-Atlantic Region.
This figure illustrates how stream order helps rsinkams by relative size. Figure 2hows the
same area but with stream order 1 removed. Thisésmethod to “thin” the network based on
hydrologic criteria. There are other excellent waysrank or thin the NHDPlusV2 network,
especially by using mean annual flow as a criteéhiess; method is not illustrated here.

Figure 20: Stream Orders in Part of the Mid-AtilafRegion
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Figure 21: Stream Orders in a Part of the MidaitaRegion with Order 1 Streams Removed
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Example 6: Stream Level

The use of the StreamLevel VAAs is often misundedtor misused by users of the VAAs.
Quite often, users think of StreamLevel “as theasgiie of Stream Order”. But, this is not true
in any sense. Streamlevel = 1 will apply to the $Wisippi mainstem but also to every small or
large stream that terminates on the coastline. efbies, StreamLevel has nothing to do with
stream size.

The only valid use of StreamLevel is to identify,aaparticular junction, what is the mainstem
and what is the tributary stream. The lower valsiedam levels are the mainstem and the higher
valued stream levels are the tributaries. Figurdl@&trates this. The flowlines are labeled with
the StreamlLevel values. The NHDFlowline featuresngan the north-south direction are
StreamLevel = 2, and the features coming in from \fest is StreamLevel=3. Therefore, the
North-South features are the mainstem and therieatuming in from the West is the tributary.

There are additional aids in the VAASs, for instanicedetermine flow direction on the North-
South stream, check the Pathlength values of biothese features. In this case, the Pathlength
of the southern feature is 400.1 and the Pathleofgtie northern feature is 397.5. Therefore, the
northern feature is closer to the network termirsasthe flow is going from south to north. The
Hydroseq can also be used to determine the flosction at this junction. The smaller Hydroseq
value will be the downstream feature.

Figure 22: StreamLevel Values at a flowline Jwcti
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Why do EROM flow estimates sometimes differ from Ga  ge-reported
flow?

A full discussion about how EROM computes mean ahand mean monthly flow estimates is
covered in Appendix A. This discussion is intendedaddress why the EROM gage-adjusted
flow estimates may not match the flow reported givan gage location.

To perform the flow adjustment based on gage fld&s®OM screens gages based on number of
years of record, the period of record, and a corsparof the NWIS-reported drainage area with
the NHDPIus calculated drainage area. Only gdggispgass the screening are used in EROM’s
gage adjustment process. Consequently, at losatidere a gage exists but the gage does not
pass the screening criteria, the EROM flow estimatay differ from the gage flow
measurement. Such a case is illustrated in thedgbelow.

Figure 23 shows the area in question, central @ald&. The red dot is a gage location.

Figure 23: Central California Gage Locations

Figure 24 is a picture of the NHDFlowline featunesar the gage. The dashed lines are
NHDFlowline features that are coded as FlowDir="ttialized” and therefore are not included
in the NHDPIus network. Many of these dashed festures are irrigation withdrawals and
returns. The solid lines are NHDFlowline featutiest are coded as FlowDir= “With Digitized”
and therefore are included in the NHDPIlus netwoflhe arrows show the direction of flow.
The numeric labels on the solid lines representBROM mean annual flow estimates (in cfs)
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after all EROM steps have been performed. Theligigied feature has an EROM flow of 0.637
cfs. A gage is located on the highlighted featamd this gage reports a mean annual flow of
approximately 33 cfs. Why does the EROM estimatierdso dramatically from the gage
measurement?

e o T
2, ) <
2

Figure 24: NHDFlowlines Near a Gage

First, let us look at the EROM estimate. The r@imofthis area is approximately 16 mm/year,
from which EROM estimates a mean annual runoff fil®&ROM step A) of 2.5 cfs. After the

EROM adjustments for EET (EROM step B) and a refeeegage regression (EROM step C),
the flow is reduced to 0.637 cfs. In EROM stepflbw additions and removals are applied
from the NHDPIusV2 PlusFlowAR table. There areemtries in the table for this location, so
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the EROM flow after step D remains unchanged aB0.6fs. In EROM step E, the flow
estimate is adjusted based on gages in the vicifiibere is a single gage in the vicinity and it's
located on the feature highlighted in Figure 2. wdwer, this gage “failed” the gage screening
criteria used during the NHDPIlusV2 processing clisws:

1. The gage started operation in Oct. 1985 and theref not have the required 20 years
of record in the period from 1971 to 2000.

2. The NWIS-reported drainage area for this gage gsimg. Therefore the gage’s drainage
area cannot be compared to the NHDPlusV2 computgdatie area which is a required
comparison.

Since the gage did not pass the screening criténeas not used in EROM step E, where the
flows are adjusted based on the gage flow. Theretbe step E flow estimate remains
unchanged at 0.637 cfs.

How might the EROM estimates be improved? Theeetao possible ways to accomplish
improvement in this particular case. First, enahle gage to pass the screening criteria, by
including an NWIS-reported drainage area and reduttie number of years of record required.
Second, this NHDFlowline feature is most likelyliinced by irrigation returns. Entries in the
PlusFlowAR table for this feature and/or upstreaatdres can be used to adjust the flow based
on estimated irrigation returns.

Using the NHDReachCrossReference Table to Transfer  to NHDPlusV2
Data that is Linked to NHDPIlusV1

If you have linked data to NHDPIusV1, it's possibbetransfer that data to NHDPIlusV2 by using
the NHDReachCrossReference table.

NHDFlowline and NHDWaterbody contain two keys: Abnand Reachcode. ComlIDs change
frequently and the changes are not tracked. Omwttier hand, Reachcodes are fairly stable and
change infrequently. Reachcode changes are trackbd NHDReachCrossReference table.

Transfering Links to NHDWaterbody

If you have linked data to NHDWaterbody ComIDs, ycan easily associate NHDPlusV1
Reachcodes with your data, as follows:

1. For your data linked to NHDWaterbody features, jgur data table’s ComID with
NHDWaterbody.ComID. Create a field in your databléa called Reachcode
(Character(14)) and set it to the NHDWaterbody.lReade.

Once you have NHDPIusV1l NHDWaterbody Reachcodes gamu translate to NHDPIlusV2
Reachcode using the NHDReachCrossReference talile.translation procedure is:

1. Search for your NHDPIlusV1 Reachcode in NHDReachs§Reference.OldReachcode.
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2. If there is no such entry, then the NHDPIlusV2 Reade is the same as the NHDPlusV1
Reachcode. Measure values on the Reach shoule: lsatne as well.

3. If an entry is found and the NHDReachCrossRefer€twngeCode = “D”, then there is
no translation to an NHDPlusV2 Reachcode and ydunsed to associate your data to
NHDPIusV2 manually.

4. If an entry is found and the NHDReachCrossRefer€&iwmngeCode <> “D”, then you
must find the NHDPlusV2 Reachcode that now repitssgour NHDPIlusV1 Reachcode.
The NHDPIusV1 Reachcode may have been modified ri@e once, in which case,
you will need to follow the consecutive links inettiNHDReachCrossReference table.
For the value NewReachcode (“NextReach”) in theéetamtry found above, search the
table for an entry where NHDReachCrossReferenc&€ddhcode = NextReach. Repeat
this step until no additional entries are founcheThe final value for NewReachcode is
the NHDPIlusV2 Reachcode that corresponds to youDRIHsV1 Reachcode.

Transfering Links to NHDFlowline

If you have linked data to NHDPIlusV1l NHDFlowline @tDs, first you must associate
NHDPIusV1 Reachcodes with your data.

1. Join your data table’s ComID with the Tnavwork.tBI¥FromTo.ComID. Create a field
in your data table called Reachcode (Character(14j)d set it to the
tbIVAAFromTo.Reachcode. Note: Tnavwork data isilble as an NHDPIlusV1 Data
Extension.

2. If you don’t have a feature class that shows tleation of your data, you must derive a
feature class for your data from the NHDPIlusV1 NHW#ine feature class:

a. If your data is linked to the bottom point of théiDFlowline feature, create a
field in your data table called Measure (Double(p,5and set it to
Tnavwork.tblVAAFromTo.ToMeasure.

b. If your data is linked to the top point of the NHIDWline feature, create a field in
your data table called Measure (Double(9,5)) andt sg to
Tnavwork.tblVAAFromTo.FromMeasure.

c. If your data is associated with the entire NHDFlowlfeature, you will need the
from-measure and to-measure of the NHDFlowlineuiieat Create fields in your
data table called FromMeasure (Double(9,5)) and daddre (Double(9,5)) and
set them as follows: FromMeasure = Tnavwork.tbI\F@mTo.ToMeasure and
ToMeasure = Thavwork.tbIVAAFromTo.FromMeasure.

d. Using your data table with the fields added in stepun the ArcGIS Linear
Referencing Toolbox tool called “Make Route Everyér” to build a feature
class with the geometry locations of your data.

Once you have NHDPIusV1 Reachcodes and a featass @ith the geometry of the locations
of your data, you can translate the NHDPIlusV1 Readf into the NHDPIlusV2 Reachcode
using the NHDReachCrossReference table. Thislaaon procedure is repeated for each entry
in your data table:
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. Search the NHDReachCrossReference table for entriesvhere

NHDReachCrossReference.OldReachcode = your NHDRI&®Achcode.

. If there is no such entry, then the NHDPIlusV2 Reade is the same as the NHDPIlusV1
Reachcode.

. If an entry is found and the NHDReachCrossReferéiwmngeCode = “D”, then there is
no translation to an NHDPIlusV2 Reachcode and ydunsed to associate your data to
NHDPIusV2 manually.

. If one or more entries are found and the NHDReacok§Reference.ChangeCode <>
“D”, then you must find the set of NHDPIlusV2 Reagties that now represent your
NHDPIlusV1 Reachcode. If an NHDPIlusV1 Reach becaraee than one NHDPlusV2
Reach, there will be more than one entry founthélNHDReachCrossReference table.

. The NHDPIusV1 Reachcode may have been modified rti@e once, in which case,
you will need to follow the consecutive links inettiNHDReachCrossReference table.
This can be done by saving the NHDReachCrossRefefdawReachcode value from
each of the entries found in step 4 above. Fon éwReachcode value (“NextReach”),
search NHDReachCrossReference.OldReachcode = NetiR&epeat this step until no
additional entries are found. The final set ofuesl for NextReach are the NHDPlusV2
Reachcodes to which your NHDPIusV1 Reachcode quoress.

. Using GIS tools to conflate your data onto NHDFlmwelfeature. In other words, locate
your data on the set of NHDPlusV2 NHDFlowline featithat represent the Reachcodes
found during step 5.
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Appendix A: NHDPlusV2 Build/Refresh Process Description

NHDPIusV2 starts with a snapshot of the Nationatlidgraphy Dataset (NHD), a snapshot of
the National Elevation Dataset (NED) and a snapstiothe Watershed Boundary Dataset
(WBD). From these three inputs, the NHDPlusV2 BiRlefresh Tools process produces
NHDPIusV2 workspaces. The NHDPIusV2 Build/Refr@siols are a collection of database and
geo-spatial functions that are used to build NHBFR1

The first 24 steps in the Build/Refresh processiacerporated into a single graphical user
interface, called NHDPIlusBuildRefresh, which creasnd manages the workflow of steps
necessary to execute the build/refresh processier8eadditional tools, each under its own
graphical user interface, are used to assist psstiassified as “External” and also to build the
NHDPIlusV2 data extensions. The data extensionth (ol names in parentheses) are EROM
Flow Estimates (EROM), EROM Flow QAQC (EROMQAQC),o04tl Flow Estimates
(VogelFlow), and Jobson Velocity Calculations (MstgCalculator). In addition, various
attributes allocated to NHDPlusV2 catchments arcuiacilated down the NHDPIusV2 stream
network are produced with the Catchment Attributdocation and Accumulation Tool
(CA3TV2).

The diagrams on the next two pages (Figure A-Lsithte the workflow for the first 24 steps
and the NHDPIlusV2 data extensions, respectively.
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Figure A-1: (a) NHDPIus V2 Core Build/Refresh Ress
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NHDPIlus V2 — Extended Build/Refresh Process
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Figure A-1: (b) NHDPIusV2 Extended Build/Refresto&ess

98



Step 1 — Edit Global Data to set up VPUs and Setup  the Build/Refresh
Work Flow (External)

During this step the NHDPIusV2 Global Data is sptfor a drainage area. This involves defining the
geographic area that is included in the drainaga and the divisions of the drainage area that demp
the VPUs. The \NHDPIlusGlobalData\BoundaryRel tadmatains a list of HUC8s which are assigned
during this step to the drainage area and to VPitlinmthe drainage area.

Step 2 — Prepare NHD Data (External)

The NHD data is edited in HUC04 shapefile workspaggng an NHD Edit Tool bar built especially for
NHDPIusV2 Build/Refresh. The following edits arerfprmed:
1. Names are applied or corrected on NHDFlowlinesH®DWaterbodies.
2. Incorrect isolated networks are connected to tiearé.
3. NHD and WBD are reconciled based on the WBD designaf “open” or “closed” and
downstream HUC.
Coastline dangles are fixed.
Microgaps are fixed.
Non-linear NHDFlowline features, Reaches and Napats are corrected.
Invalid Connectors are corrected.
Flow direction are corrected.

© N O

After editing is complete and the data passes tHBRIusV2 network gaqc checks, (1) LengthKM and
AreaSQKM in the various NHD feature classes areomputed, ReachCodes are assigned to new
reaches, M-values are assigned to each linear,raadithe HUC4 workspaces are appended into HUC2
hydrologic regions.

A flow table (\NHDPIusAttributes\Plusflow) is buifrom the geometry of the NHDFlowlines where
FlowDir = “With Digitized”. Non-spatial connectienat international return flows, underground
connections, and other locations are added tddhetéble.

Step 3 — Prepare WBD Data (External)

During step 3, the latest version of the WBD isuae. The WBD polygons and lines are used to
populate \WBDSnapshot\WBD|WBD_Subwatershed and \RKHBEBurncomponents\Wall, respectively.
The source WBD data is processed in the followirgnner.

From the national seamless snapshot of the WBD, H2®olygons are selected in order to define a
given NHDPIlusV2 VPU. These are exported to \WBDShapWBD\WBD_Subwatershed (see
Appendix D). A field is added to WBD_Subwatersheamed GAZ_ID. The GAZ_ID field is intended to
contain a unique identifier assigned to each WBDCHUhit in the Geographic Names Information
System (GNIS). At time of NHDPIlusV2 processingegé IDs had not yet been assigned and, to
accommodate the NHDPIlusV2 processing, the GAZ_lbjsulated with an NHDPIlus unique FeaturelD.

The Wall feature class is created from the natidviBD HUC 12 line feature class using a spatial ayer

selection with the WBD_Subwatershed. Any internaloboundary lines, coastal closure lines, and
shorelines are removed from the newly created ¥Wature class.
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Step 4 — Reserved for Future Use

Step 5 — NHD QAQC - For each VPU in Drainage Area

During step 5, the NHDPlus NHD QAQC checks areagainst the NHDSnapshot. If severe errors are
found, the NHD is returned to step 2 for additioediting. The Build/Refresh process does not @dce
beyond this point until the NHDSnapshot passegjéiie checks.

NHDFlow.Direction valid values used in the desédps of the QAQC checks are:
712 — Network Start
713 — Network End
709 — Flowline Connection
714 — Non-flowline connection at Coastlines

Check 1 - Flow Table Entry Never Navigated (Severe)
A downstream global navigation is performed begignivith all "Network Start" flow
table entries. (including incoming workspace comioes) The navigation proceeds
downstream such that a flow table entry is nevecgssed until all inflows to that entry
have been processed. When no additional navigatiarbe performed, a Check 1 error
is generated for each flow table entry that wasonacessed during the navigation.

Check 2 - Improper Network End (Severe)
ToComID in flow table does not appear as a From@bml(except inflowing
connections). FromComiD in flow table on “Termihfibw record (i.e. ToComID = 0)
also exists as a FromComID where ToComID

Check 3 - Invalid Flow Table Entry (Severe)

FromComID = ToComID

Neither FromComID nor ToComID are in NHDFlowline
Direction not 712, 713, or 714

Direction = 712 and (ToComID = 0 or FromComiID > 0)
Direction = 713 and (FromComID = 0 or ToComID > 0)
Direction = 709 and (FromComID = 0 or ToComID = 0)
Direction = 714 and FromComID = 0 and ToComID =0

Check 4 - Improper Network Start (Severe)
FromComID in flow table does not appear as a To@Cbimlflow table (except
outflowing connections).
ToComiID in flow table on “Start” flow record (i.é&=romComID = 0) also exists as a
ToComID where FromComID <> 0

Check 5 - Potential Loop (Severe)
When Check 1 errors are found, a Check 5 is geswbitteach location where the Check
1 navigation stopped. Check 5 can be used todatet problems found by Check 1.
Check 5 requires check 1 to be executed. If chdskselected, but not check 1. Check 1
will be run but the results will not be includedtive error report.

Check 6 - Possible Outflowing Connection (Inforroatl)

A flow table entry exists where the FromComID isNHDFlowline and the ToComID is
not.
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Check 7 - Possible Inflowing Connection (Informatd)
A flow table entry exists where the ToComID is irlDFlowline and the FromComID is
not.

Check 8 - Duplicate Flow Table Entry (Severe)
Based on FromComID, ToComID flow table entry ocamre than once

Check 9 - Incomplete Divergence
Identify incomplete divergences where all the inffoto the divergence do not each flow
to all the outflows from the divergence. For exéang -> C, A-> D, B->C, but B->D is
not in the flow table. Error report entry is foneoof the ComIDs containing multiple
outflows.

Check 10 - Flow Table and Flowline FType Disagree
ToComiID in a coastline (714 - Non Flowling) flovakie entry does not have an
NHDFlowline.FType of "Coastline"
709 (In) Flow table entry where either FromComID o¢FoComID has
NHDFlowline.FType of "Coastline"

Check 11 - Flow Table and Flowline FlowDir Disagree
NHDFlowline.ComID is in the flow table as ToComlIP leromComlID and
NHDFlowline.FlowDir = “Uninitialized”
NHDFlowline.ComID is neither ToComID nor FromComiibthe flow table and
NHDFlowline.FlowDir = “With Digitized”

Check 12 - Isolated Network
Flow table.Direction = 713 (Network End)

Check 13 - Coordinate Order and Flow table Disagree
The common endpoint of flow table.FromComID andifltable.ToComID are not last
‘point’ and first ‘point’ respectively.

Check 14 - Flowlines Relate in Flow Table But DatNlouch
Flow table.FromComID and the flow table.ToComIDruui contain a common endpoint

Check 15 - Flowlines Touch But Do Not Relate inviFlbable (not Canal/Ditch)
Flowlines A and B contain a common endpoint (lapbifit’” and “first” point,
respectively) and A does not relate to B in thenflable and neither A nor B is a
canal/ditch.

Check 16 - Reserved

Check 17 - Flowline Not in Linear Reach
Flowline is not part of a linear reach (i.e. NHDRKlme.ReachCode is empty or blank)

Check 18 - Circular Reach
Merged geometry for all NHDFlowlines with a parf@uReachCode has 0 endpoints

Check 19 - Nonlinear Reach
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Merged geometry for all NHDFlowlines with a parf@uReachCode has other than 2
endpoints (and not 0 endpoints).

Check 20 - Circular Flowline
Geometry for a particular NHDFlowline has 0 endpsin

Check 21 - Flowline With LengthKM =0
Value of NHDFlowline.LengthKM is O

Check 22 - Reachable Waterbody Not in Area Readr(ilg)
LakePond waterbody is not part of an area reaehNiHDWaterbody.ReachCode is
empty or blank.

Check 23 - Circular Named Path (Warning)
Merged geometry for all NHDFlowlines with a parfaugnisid has 0 endpoints

Check 24 - Nonlinear Flowline (Severe)
Geometry for a particular NHDFlowline has othemtt2aendpoints (and not 0 endpoints).

Check 25 - Nonlinear Named Path (Severe, but ttemebe false positives)
Merged geometry for all NHDFlowlines with a parfaugnisid has other than 2
endpoints (and not 0 endpoints)

Check 26 - Flowline with both flowing and non-flavg flow table entries (Severe)
Flowline has both flowing and non-flowing flow tabéntries.

Check 27 - Waterbody reach has multiple waterbdtiigisdo not touch (Severe?)
Waterbody reach contains multiple waterbodies ardast one of the waterbodies does
not touch any of the remaining waterbodies in tlhgerbody reach.

Check 28 — Microgaps (Severe)
Identify microgaps between NHDFlowlines.

Check 29 - Duplicate NHDFlowline features (Warning)
Identify NHDFlowline features that intersect withchuster_tolerance of 0. (shapes are
overlapping or directly on top of each other).

Check 30 - Duplicate NHDWaterbody features (Warhing
Identify NHDWaterbody features that intersect watleluster_tolerance of 0. (shapes are
overlapping or directly on top of each other).

Check 31 - Duplicate NHDArea features (Warning)
Identify NHDArea features that intersect with a stkr_tolerance of 0. (shapes are
overlapping or directly on top of each other).

Check 32 - Reach Surrounded by Different HUCS (i
Identify NHDFlowlines in one HUC that are touched fmoth ends by NHDFlowlines in
one or more different HUCs.

Check 33 - Coastline Dangles (Severe but therdedalse positives between hydro-regions)
Identify coastline dangles.
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Step 6 — Build GlobalData.BoundaryUnit for VPUs, Co  mID-based
NHDPIlusV2 tables, and VAAs Part 1

Step 6 partially populates PlusFlowlineVAA by cditing and QAQCing twelve Value Added
Attributes (VAAs) and stores them in \NHDPIusAttrtes\PlusFlowlineVAA. The VAAs are populated
from the content of the PlusFlow table and the NidiRfine feature class.

These VAAs are calculated only for NHDFlowline fe@s with NHDFlowline.FlowDir = “With
Digitized”. Step 6 computes values for the follog/iVAAS:

Frommeas: Set to the m-values at the bottom oNthBFlowline feature.
Tomeas: Set to the m-values at the top of the Ne\bline feature.
Fromnode/Tonode: A node is defined as one ofdtewing:

» The top of a NHDFlowline feature that has a flobi¢arecord with Direction = 712
(i.e. a headwater node).

» The bottom of a NHDFlowline feature that has a fladsle record with Direction =
713 (i.e. a terminal node).

» The “point” of flow exchange represented by a fl@ble record with Direction =
709 (i.e. a node between two or more NHDFlowliretdees).

» The “point” of a non-flowing connection representyda flow table record with
Direction = 714 (i.e. a coastline connection)

Within a drainage area (DA), each node is givemigue number beginning with 1. The
numbers are made unique across DAs by multiplyivegniode number by nn0000000, where
nn is unique to each drainage area.

The Fromnode is the top of the NHDFlowline featanel the Tonode is at the bottom of the
NHDFlowline feature.

StartFlag: Set to 1 if the NHDFlowline feature lsafow table record with Direction = 712 or if
the Direction = 714 and the FromComID =0.

TerminalFlag: Set to 1 if the NHDFlowline featuras a flow table record with Direction = 713
or if the Direction = 714 and the ToComID =0.

VPUIn: Set to 1 if the NHDFlowline feature hafiav table record with Direction = 709 or 714
and the FromComlID is not in the DA.

VPUout: Setto 1 if the NHDFlowline feature haoav table record with Direction = 709 or 714
and the ToComlID is not in the DA.

DnDrainCount; Set to the number of flow table résowhere the NHDFlowline feature is the
FromComlID and Direction = 709.

LengthKM: Set to NHDFlowline.LengthKM of the NHD&Wline feature.
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ReachCode: Set to NHDFlowline.ReachCode of the Rid®line feature.

Fcode: Setto NDHFlowline.Fcode of the NHDFlowlfeature

Step 7 — Edit Divergence Fraction Mainpath Table (E  xternal)

During step 7, the DivFracMP table is edited, wkéa necessary, to specify mainpaths at pointtoof
divergence. If gaged stream flow data is availathie DivFracMP table may also specify the peragnta
of stream flow that flows down each of the divergeaths.

Step 8 — QAQC Divergence Fraction Mainpath Table — For Each VPU
in Drainage Area

Step 8 is an automated QA/QC that confirms thatlthergence fractions for a given divergence (he.
set of DivFracMP records with the same NodeNumbam) to 1.0.

Step 9 — Edit Global Data BoundaryValue Table fori  ncomplete DA
(External)

When a drainage area is processed in parts by NiCBUild/Refresh Tools, it is necessary to esthblis
boundary values for some NHDPIus attributes aethge of the partial drainage area. Places wheve fl
enters and leaves the partial drainage area refoiredary values. Regardless of the use of boyndar
values, the drainage area parts must be run irologic order from upstream to downstream.

The NHDPIusV2 Build/Refresh process was performegbartial drainage areas for the Mississippi and
Colorado drainages.

Step 10 — Compute VAAs Part 2

Step 10 completes the VAA computation task starteStep 6. Each VAA is computed and QAQC’ed
against other VAAs to confirm that the VAAs areemtally consistent. All VAA must pass their
respective QAQC checks in order for Step 10 todresiclered successful. In the discussion belowy; onl
NHDFlowline features with FlowDir="With Digitizedare assigned VAA values. The following VAAs
are computed in Step 10:

Divergence: Divergence is a flag that distinguishes betwden rmain and minor paths at a
network flow split. One NHDFlowline feature is d@sated as the major path (Divergence=1)
and all other paths in the split are designateaiiasr paths (Divergence=2). All features that do
not participate in a flow split have Divergence=Divergence always agrees with StreamLevel.
This agreement insures that when navigating upstrelong the main path and downstream
along the main path give the same navigation resufthe main path at a flow split is selected
from all the out-flowing NHDFlowline features acdarg to the following rules:

» An NHDFlowline feature that has the same namemaltely flows to a coast and has
an FType of StreamRiver, Artificial Path or Conmecbtherwise

* An NHDFlowline feature that has the same name, dibas not ultimately flow to a
coast and has an FType of StreamRiver, ArtificethRPor Connector, otherwise
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 An NHDFlowline that has a positive DivFract vaineghe DivFracMP table and that
value is the maximum such value at the divergedenotherwise

* any named stream/river, artificial path, or conaetat ultimately flows to a coast,
otherwise

* unnamed stream/river, artificial path, or connedt@t doesn't ultimately flow to a
coast, otherwise

» any named canal/ditch or pipeline that ultimatéyE to a coast, otherwise

» any NHDflowline feature that ultimately flows tccaast, otherwise

» any named stream/river, artificial path, or conaetihat doesn’t ultimately flows to
coast.

* unnamed stream/river, artificial path, or connedtat doesn't ultimately flow to
coast, otherwise

* named canal/ditch or pipeline that doesn't ultihyafiew to coast, otherwise

» any flowline that doesn't ultimately flow to coast.

In the rules above, if there is more than one NHMihe feature that matches the rule criteria,
the one with the lowest ComID value is selected.

ArbolateSum: ArbolateSum is computed starting at the headwatdérthe NHDFlowline
network. The NHDFlowline.LengthKM is summed alahg network such that each feature has
an ArbolateSum of its length plus the length ofrgwgstream feature.

StreamLevel: StreamLevel is a numeric code that traces maihspaf water flow upstream
through the drainage network. StreamlLevel is assigstarting at the terminus of a drainage
network. If the terminus stopped at a coastline Fvline feature (i.e. at the Atlantic Ocean,
the Pacific Ocean, the Gulf of Mexico, or one & threat Lakes), a stream level of 1 is assigned
to the terminus and all the NHDFlowline featuregshia main path upstream to the headwater of
the stream. If the terminus drains into the groandtops at the Canadian or Mexican border, a
stream level of 4 is assigned to the terminus dinth@ NHDFlowline features in the main path
upstream to the headwater of the stream. Aftemitial stream level of 1 or 4 is assigned to the
terminus and its upstream path, all tributarieth&d path are assigned a stream level incremented
by 1. Then the tributaries to those stream patbsaasigned a stream level incremented by 1.
This continues until the entire stream network lsn assigned stream levels.

If possible, StreamLevel follows a named path.otlmer words, at any confluence, if there is an
NHDFlowline feature immediately upstream with tlsm& name, that feature is selected as the
main path. If there is no matching name immedjatgistream, the NHDFlowline feature with
the maximum ArbolateSum value is selected. To mnsagreement with Divergence,
StreamLevel assignment along a give path stops themcounters a Divergence=2, otherwise
StreamLevel assignment continues to the headweafténg stream.

HydroSeq: Hydroseq is assigned by starting at the headwatehe NHDFlowline network and
assigning a sequential number proceeding downstreBmbegin each headwater is assigned a
value. Next, all of the outflows from the headwattteams are assigned values. Then all of the
outflows of the outflows of the headwater streames assigned values. This process continues
until all network features have values. The fezdlare sorted by descending values (i.e.
downstream to upstream) and the final Hydroseqeghre assigned in a ascending sequence.
The final Hydroseq values are smallest at the dowam end of the network and largest at the
upstream end of the network.
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The primary characteristic of the HydroSeq numtsethat if the features are processed by
descending HydroSeq values (i.e. upstream to dogarsf), when any feature is processed, all
the features upstream have already been procedskewise, if the features are processed by
ascending HydroSeq values (i.e. downstream to egusiy, when any feature is processed, all the
features downstream have already been processed.

DNLevel: This is the value of StreamLevel of main path NH@vline feature immediately
downstream. When DnLevel <> StreamlLevel, the sirém about to discharge into another
stream pathway.

LevelPathID: LevelPathID is set equal to the HydroSeq valuéhefmost downstream feature
on the same level path. For example, all the featalong the Mississippi River have the same
value for LevelPathiD.

TerminalPathID: TerminalPathID is set equal to the HydroSeq valfiehe most downstram
feature in the drainage system. In other words, HlydroSeq of the network terminus will
become the TerminalPathID of all the features float to that terminus. For example, all the
features that flow to the mouth of the Deleware eRiwill have the name value for
TerminalPathlID.

UpLevelPathID: This is the LevelPathlD of the main path NHDFlmel feature immediately
upstream.

UpHydroSeq: This is the HydroSeq value of the main path NHD#iioe feature immediately
upstream.

DnMinorHydroSeq: When there is a flow split at the downstream ehd feature, this is the
HydroSeq value of a minor path in that divergentfethere is more than one minor path in the
divergence, the one with the lowest ComID valuesis to set DnMinorHydroSeq.

PathLength: Pathlength is the sum of the NHDFlowline.LengthKlownstream, along the
main path, to the terminus of the network. Fornepde, the Pathlength of the mouth of the
Missouri River will be the distance to the mouthtod Mississippi River.

RTNDiv: RTNDiv stands for returning divergence and isé$ to one when one or more of the
paths from an upstream flow split return to thenaek at the upstream end of the NHDFlowline
feature.

StreamOrder/StreamCalc: Stream order in NHDPIus is a modified version oéain order as
defined by Strahler. The Strahler stream ordeoralym does not account for flow splits in the
network. The NHDPIlus algorithm for stream ordeesidake flow splits into consideration.
StreamCalc stands for stream calculator and is atedpalong with StreamOrder. These VAAs
are computed from upstream to downstream. Theadetbgy used for assigning StreamOrder
and StreamCalc is described below.

All headwater or “start” reaches are assigned ah®&r order of “1". Strahler calculator is
assigned the same value as StreamCalc for all lstadflowlines. If there are no divergences,
StreamOrder and StreamCalc have the same valueh—vahies are increased in the defined
manner for calculating Strahler order. When a npaitih divergence is reached, the defined main
path (DIVERGENCE = 1) is assigned the same valu&freamOrder and StreamCalc based on
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the inflows to the divergence. The defined minathpdivergence (DIVERGENCE = 2) is
assigned the StreamOrder value based on the inftowthe divergence, but StreamCalc is
assigned the value “0".

As the minor path divergence continues downstréhe StreamCalc value remains “0” and the
StreamOrder value cannot increase until the flosvisicombined with another flowline having a
StreamCalc value greater than “0”. This allows ipldt minor path divergences to intertwine
without increasing the Strahler order of the mipath. When two minor path flowlines with
SreamCalc values of “0” and different StreamOrddues join, the larger StreamOrder value is
maintained and StreamCalc remains 0. Also, bec&trisamOrder cannot increase if StreamCalc
is equal to 0, when a minor path rejoins the maithpthe main path Strahler order value is
maintained.

Step 11 — Edit Global Data to set up RPUs (External )

During Step 11, the NHDPlusGlobalData\BoundaryRetdlited to assign HUC8s to the RPUs in the
drainage area.

Step 12 — Build GlobalData.BoundaryUnit for RPUs

Using the HUCS8 boundaries in \NHDPIlusGlobalData\BtaryUnit and the assignments of HUCS8s to
RPUs found in NHDPlusGlobalData\BoundaryRel, St2ptilds polygons for the RPUs in the drainage
area.

Step 13 — Prepare NED (External)

The purpose of Step 13 is to prepare the origamal&levation data for the production of the

HYDRODEM in Step 18. One-arc-second NED dateciquted from the USGS EROS Data Center. If

the drainage area has drainage coming from Caedalation data for the Canadian area is acquired, a
available, from the Canadian Digital Elevation Datad appended to the NED data. The NED data
currently includes data for Mexico.

The RPU polygons in \NHDPIlusGlobalData\BoundaryUaiie used to select the set of WBD sub-
watershed polygons (see “\WBDSnapshot\WBD\whd-Suérshed”) that belong to each RPU. For each
RPU in the drainage area, the set of sub-watergblydons are buffered and the buffered area is tsed
create the \NEDSnapshot\NEDRRRRRRRR\elev_cm for RiftJ. The data are extracted, merged
together, projected to the Albers Equal-Area ptipec and converted to integer centimeters in ESRI
Grid format. Integer grids are used because intggels use internal compression, and the data are
converted from meters to centimeters in order taimeprecision.

Step 14 — Trim BurnLineEvent for Raster Processing

Step 14 shortens some features in \NHDPIlusBurncaeme\BurnLineEvent to improve the hydro-
enforcement process. To avoid the possibility tleadwater features will cut through the ridgediimre

the elevation data, the headwater features arentiirby 150 meters. To ensure that the NHDPIlus flow
direction grids (see “\NHDPIlusFdrFacRRRRRRRR\fdd)ow the main path at flow divergences, the
minor path of divergences are also trimmed or gined by 150 meters.
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Occasionally, a headwater feature or a minor demetrgath feature is shorter than 150 meters. Wiien
occurs, the feature is removed entirely from BunelEvent. Features removed from BurnLineEvent are
not included in the NHDPIusV2 raster processing emasequently, they are not hydro-enforced into the
DEM and they do not receive catchments. When tfeegeares are headwater features, they will noehav
values for the attributes that depend upon theergstocessing such as endpoint elevations, slope,
headwater node area, and flow estimates.

Step 15 — Edit BurnComponents (External)

The purpose of Step 15 is to edit the hydro-enfoer® components found in
\NHDPIlusBurnComponents. The BurnLineEvent, Burndtderbody, BurnAddLine, and Wall feature
classes are edited as needed and the LandSea&felaiss is created.

The parts to this step are:

A. Create LandSea polygons (if a coastal VPU): Thisrgated using the NHD coastline features
and creating a buffer area on both sides of thstlioa to contain a polygon for the landward side
of the coastline and a polygon for the ocean. Egtpalygons are optional features to separate
coastal bays from the ocean polygon areas.

B. Find and Resolve Stream-Wall Conflicts: Headwatgeasn conflicts with the WBD are
identified by locating headwater NHDFlowline feasirthat intersect a wall when both the
feature and the wall are rasterized. The seledtedras are then trimmed back, leaving only the
lower 30% of the feature. This action minimizesdal@ng of 1:24,000-scale WBD divides by
1:100,000-scale headwater NHDFlowline features.tHeur conflicts are identified for any
NHDFlowline feature that intersects, when rastetjzbe outermost boundary of the VPU wall.
Conflicts are resolved by either trimming back adwater feature further; setting a feature or set
of features to “N” for the Burn and Catchment atites in BurnLineEvent; or when necessary,
editing the Wall feature class to remove the confliith the NHDFlowline feature(s).

C. Resolve “Empty” HUCs: This step identifies HUC 1@lygons in WBD_Subwatershed that are
not closed basins (as identified by the WBD) anchabhave any BurnLineEvent features within
them. HUC 12s that meet this criteria are termeohg®y hucs” and lack a NHDFlowline
connection to drain these areas correctly in thérefyEM. Once the empty hucs are identified, a
WBD attribute in the polygon data is used to idgrttie next downstream HUC 12 to which that
the HUC flows. The line feature between these HUWKCten removed from the Wall feature
class.

An alternative process was used early in the primlucprocess; a line was added to the
BurnAddLine NHDPIus feature class to breach thel Wwatween the “empty huc” and the next
downstream HUC in the HydroDEM conditioning proceshis early method was abandoned
after the automated method was developed to remvallessegments, as described above.

D. Identify and attribute closed lakes: In NHDPIlusvidn-contributing areas are represented from a
variety of sources including the WBD. Within the \WBinformation on non-contributing areas
(termed “closed basin” in WBD) is available at th#JC 12 level. An attribute in the
WBD_Subwatershed feature class named HU_12 DSeis tiesfind these closed basins. Within
these closed systems an attempt was made to ietised lakes (i.e. lakes that have no
outflows). Identifying closed lakes provided greatetail of the non-contributing HUC 12 areas.
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In many cases, a closed lake could be identifiecHhmcking for a lake name in the attribute
HU_12 Name in WBD_Subwatershed.

In these cases, the named lake drains the closed HU In other cases, several lakes within
these closed systems are identified by review efttipographic maps and imagery. Lakes in the
NHD that are deemed closed, are coded in Burn\Wadgrby setting the attributes Purpcode = 5
and Purpdesc = “NHD Waterbody closed lake”. Closdes in BurnAddWaterbody are coded
with PurpCode = 8 and Purpdesc = “BurnAddWaterbaddged lake”. Step 16 places a point at
the centroid of these closed lakes in the Sinkufeatlass. In step 18, catchments for these sinks
are generated along with catchments for BurnLineEfeatures.

. Check InRPU field in BurnLineEvent: This step raviethe RPU id (in BurnLineEvent.InRPU)
assignments for the BurnLineEvent features The HRbug table was used to detect where
flowlines flow from one RPU to another. The flovdm were reviewed manually to ensure no
flowlines were assigned to the wrong RPU.

Review Burn Components: This step involves revigwirthe feature classed in
\NHDPIlusBurnComponents and handling certain dataditions that are observed. The
following conditions are checked:

» Review features in BurnLineEvent coded as FTypgseie” and determine the appropriate
values for fields “Catchment” and “Burn” in Burnld&vent. Often, these features should not
have a catchment generated and/or should not loefaishydro-enforcement . In these cases,
the Catchment and/or Burn attributes can be s#i't¢no).

» Reviewfeatures in BurnLineEvent coded as FType=dlitch” or “Connector”. Like
“Pipeline”, these features may also need the Cagclirand/or Burn attributes can be set to
“N" (no).

» This step also accommodates other scenarios thalvén setting the Catchment and Burn
attributes in BurnLineEvent and adding feature8tmnAddLine. It is beyond the scope of
the User Guide to identify all possible scenaribewever, these are discussed when
appropriate in the Release Notes of the distrilnudiata for a given VPU.

. Create Burn Components for International areasjlicable): For VPUs along international
borders, hydrography data from Canadian or Mexmaurces are included in the NHDPIlusV2
Burn Components: BurnAddLine and BurnAddWaterboly.some cases, these international
data sources are part of “harmonized” high resmiutNHD data, while others are datasets
available from Canadian or Mexican agencies suchhasCanadian National Hydrographic
Network (NHN). Inclusion of this hydrography is émded to improve catchment delineations
where NHDFlowline features receive contributing idagie from these international areas. In
some cases, lake polygons in international areasated as closed lakes when such information
on non-contributing areas is known.

. Add Burn Components at inter-VPU connections (iplagable): In cases, where VPU'’s are
connected with another VPU, whether as an inflowootflow with an adjacent VPU, the
connecting BurnLineEvent features from the adjad&At) are added to BurnAddLine of the
VPU being processed. This ensures that catchmdéinedgons for the VPU being processed are
constrained by the adjacent VPU flowlines. In addit flowlines are needed in BurnAddLine
from downstream associated VPUs to ensure propatrobgnforcement of the DEM.
Downstream VPU flowlines are selected to extendhi edge of the DEM. In some cases,
waterbodies from the adjacent VPUs are integratedBurnAddWaterbody if these features are
at or near the inter-connection areas between Eigsv
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Step 16 — Prepare Sinks and Update BurnWaterbody an  d
BurnAddWaterbody

This automated step first populates, with uniqueuee ids, the fields Polyld in BurnAddWaterbodyan
GAZ_ID in WBD_Subwatershed. A callable NHDPIusV2 bwveervice is used to assign unique
identifiers.

Next, the OnOffNet fields in the BurnWaterbody aBdrnAddWaterbody are populated. OnOffNet is
used to differentiate waterbodies that intersebtian line from either BurnLineEvent or BurnAddLine.
Only features in BurnLineEvent with a Burn propedfy “Y” (yes) are used in the spatial intersect
selection. All features in BurnAddLine are usedthie spatial intersect selection with BurnWaterbody
and BurnAddWaterbody. Any waterbody that intersactsirn line is coded as “1” in the field OnOffNet.
Also, if a waterbody is coded as a playa or clda&d, these are also coded with a value of “1"eLah
Step 18, the hydro enforcement process handlesrtfoecement of these features in the DEM diffegentl
than waterbody features that do not intersect withurn line or are identified as a closed lake layg
(ONnOffNet = 0).

The sink shapefile is then created for the follayvscenarios in the following order where all sinks
created are written to one Sink shapefile.

A. Create sinks at network ends of isolated netwoNatwork ends are identified by finding
PlusFlow records that have Direction = 713). Sirkk® created for the corresponding
BurnLineEvent feature’s most downstream point. mavork end feature’s INRPU assignment is
carried over from BurnLineEvent into the InNRPU diedf the Sink feature. These Sink features
are assigned PurpCode = 1 and PurpDesc = ‘BurnkiemEnetwork end’. The Sink features
SourceFC field is set to “NHDFlowline” and FeatDdleld is set to the BurnLineEvent feature’s
ComlID. Sinks are removed if they are within 60-met& a BurnLineEvent or BurnAddLine that
is not associated to the isolated network.

B. Create sinks at the ends of networks that are patiadly connected to another flowline network:
These network ends are identified from the PlusRkdve where the values in field GapDistKM
exceed 0.03 kilometers. The InRPU value is camiezt from the BurnLineEvent feature into the
Sink InRPU field. These Sink features are assigfmdpCode = 2 and PurpDesc =
‘BurnLineEvent non-spatial connection’. The Sinkatigres’ SourceFC field is set to
“NHDFlowline” and FeaturelD field is set to the BiineEvent features’ ComiD.

C. Create sinks at the centroids of polygon featuneBurnWaterbody that are classified as a playa
(FCODE > 36099 and FCODE < 36200): These Sinlufeat fields are set as follows:
e Purpcode =3’
» PurpDesc = ‘NHD Waterbody Playa’
e SourceFC = ‘NHDWaterbody’
» FeaturelD equal to the NHD Waterbody ComID thatdim& represents.
* InRPU is set using a spatial overlay intersect withNHDPIlusV2GlobalData\
BoundaryUnit feature class.

D. Create sinks at the centroids of polygon featureBurnWaterbody that are classified as a closed
lake (PurpCode = ‘5'): These Sink features’ fiedals set as follows:
e Purpcode =5’
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e PurpDesc = ‘NHD Waterbody closed lake’

» SourceFC = ‘NHDWaterbody’

e FeaturelD = to the NHD Waterbody ComID that the&ksigpresents.

* InRPU is set using a spatial overlay intersect withNHDPIlusV2GlobalData\
BoundaryUnit feature class.

E. Create sinks at the centroids of polygon featuneBurnAddWaterbody that are classified as a

playa (FCODE > 36099 and FCODE < 36200): These fatures’ fields are set as follows:
e Purpcode =4’
* PurpDesc = ‘BurnAddWaterbody Playa’
* SourceFC = ‘BurnAddWaterbody’
» FeaturelD = to the BurnAddWaterbody PolyID that shek represents.
* InRPU is set using a spatial overlay intersect witle NHDPlusV2GlobalData\
BoundaryUnit feature class.

Create sinks at the centroids of polygon featuneBurnAddWaterbody that are classified as a
closed lake (PurpCode = ‘8’): These Sink featufietds are set as follows:

* Purpcode =8’

* PurpDesc = ‘BurnAddWaterbody closed lake’

» SourceFC = ‘BurnAddWaterbody’

» FeaturelD = to the BurnAddWaterbody PolyID that siek represents.

* InRPU is set using a spatial overlay intersect withNHDPIlusV2GlobalData\

BoundaryUnit feature class.

. Create sinks in WBD closed 12-digit HUCs coded lasex basin (HU_12 TYPE = ‘C' OR

HU 12 DS = ‘CLOSED BASIN"): Sinks are placed at tm&nimum elevation point(s) within
closed HUC 12s. If sinks were placed from any otbegnario (A-F) in these closed basins,
another sink in not created for this scenario. NiD snapshot is used to determine the
minimum elevation within a given closed HUC 12. $&é&ink features’ fields are set as follows:

* Purpcode ='6’

e PurpDesc = ‘WBD Closed HUC 12’

e SourceFC =‘WBD_Subwatershed’

* FeaturelD = GAZ_ID in WBD_Subwatershed.

* InRPU is set using a spatial overlay intersect withNHDPIlusV2GlobalData\

BoundaryUnit feature class.

Step 17 — Review all Burn Components — For each VPU  in Drainage
Area (External)
This manual step reviews a variety of the NHDPIlusitcomponent feature classes and includes:

Check and populate missing INnRPU assignments isithie feature class.

For sinks associated to closed HUC 12s with miskiRPU assignments, populate the InRPU to
the correct RPU id and move sink to the lowestadlen in the HUC.

Determine if additional sinks are needed and digithese manually in the Sink feature class;
populate the sink fields appropriately. Manuallyjuated sinks carry a StatusFlag = ‘M'.

Remove sinks not associated to flowlines that dtkinva distance of 45 meters from any Wall
feature.

Find and remove any playa sinks if the playa ishenflowline network.
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» Fix gaps caused by trimming of headwater streammgathe international border. For these
headwaters, international drainage in BurnAddLinestriikely connects to these flowlines and
need to have their automatic trimback reset toattiginal position as they are represented in
NHDFlowline.

» Finalize the review of all burn components and makanges as needed. Unique edits are
recorded in the VPU release notes.

Step 18 — Build Catchments, FDR, and FAC Grids — Fo r each VPU in
Drainage Area

This processing step prepares the ingredient veletiar by VPU, then runs the raster processing steps
each RPU within the VPU.

The purpose of this step is to create, for an R®UWHydroDEM and resultant flow direction and
accumulation grid. Catchments are generated fchi B#U and then merged into one catchment grid for
the entire VPU. The catchments for the VPU arevedrd to a shapefile and projected into geographic
coordinates. Minimum elevations for each flowliretahment are written to elevslope. A version of the
flow direction grid with NoData cell values in NHEtreams is provided in the grid FDRNULL. The
source grid used to generate catchments is alsadpib for each RPU in the grid CatSeed. A grid
showing filled cell areas for each RPU is providtedrid FilledAreas.

Section A. Preparation of input vector data Below list the general steps in preparing theutngector
data from the NHDPlusBurnComponents folder:

» Assign / Update new gridcodes for all flowlinesBinrnLineEvent and sink points in Sink.

» Assign feature ids for NULL values in Sink, BurnAlfdterbody, BurnAddLine, LandSea, and
Wall.

» Extract features from BurnLineEvent with BURN prapes set to “Y”. Write selected records to
TmpBurnLineEvent.

» Append all features from BurnAddLine to TmpBurnLihent. TmpBurnLineEvent is used later
in Section B of Step 18 for hydrologic enforcemehthe NHD streams and additional features
from BurnAddLine (stream-burning process).

» Extract features from BurnLineEvent with CATCHMENbFoperties set to “Y”. Write selected
records to TmpCatchLine.

e Select features from BurnAddLine with a GRIDCODE 0> Append selected features to
TmpCatchLine. TmpCatchLine will later be used ig[B18 to generate catchments.

» Combine waterbodies from BurnWaterbody and BurnAdtdtbody to one temp shapefile
(tmp_wball). These are used for hydro-enforceméatlavaterbody features later in Section B of
Step 18.

» Select OnOffNet features = 1 from BurnWaterbody BodnAddWaterbody and combine these
to a new temp shapefile (TmpWBodyOn). These ard t@methe bathymetric gradient processing
later in Section B of Step 18.

e Select Sinks with BURN properties NOT equal to “Mt hydro-enforcement of these sink
features.

» Calculate STEP values in TmpBurnLineEvent for hyenforcement. This process computes the
step values from the NHDPIlus VAA hydro sequence lmens

Section B. Raster processing
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Below is a general overview of the main raster ssing steps in building the HydroDEM for each RPU.
The step is repeated for each RPU of the VPU hatiogessed.

» Clip VPU vector data to the RPU buffer area

e Assign negative grid code values in TmpCatchLinat tHo not belong to the RPU being
processed.

» Select flowlines based on each unique stream lawmdl export these to unique stream level
feature classes. Next the stream level featuresesaare converted to grids using gridcode as the
cell value. The stream level grids are then metggdther as one NHD grid. Main paths override
lesser paths at confluence grid cells in the mepgation. This ensures correct representation of
the flowline network in the grid data model.

» Assign negative grid code values for sink feattines do not belong to the RPU being processed.

» Convert sinks to a grid using gridcode as thealies.

» Merge the sink grid with the NHD grid, the mergeiighamed CatSeed will be used as input
later on as the “seed” source grid for catchmetfihelation.

Descriptions of Hydro-enforcement Processes

Waterbody Enforcement

Certain waterbody features from the NHD were usedhe HydroDEM enforcement process. These
include “Lake/Pond”, “Playa”, and “Reservoir’ feats from NHDWaterbody and “Stream/River”
features from NHDArea. Step 6 of the NHDPIlus BuifiiRsh production process selects these from both
NHD sources and writes these to the BurnWaterbdugpefile. In addition to NHD features in
BurnWaterbody, additional waterbodies collectedBmrnAddWaterbody are also enforced. For this
processing, the features from both are combinedanemp waterbody shapefile.

The waterbody enforcement is a two stage procdss.fifst stage is new for NHDPIlus Version 2 and
fixes issues identified in Version 1 where catchteean sometimes subdivide an NHD waterbody in
error. In this process all the waterbodies areresfbby determining the minimum DEM elevation wiithi
these and setting the overlapping waterbody callhé HydroDEM the value of the minimum DEM
elevation found for each. These elevation cellsthem dropped by subtracting 100 meters from the
previously set minimum elevation values. This diagpf the waterbody elevations is applied to easur
these cells are well below the surrounding terraimtier, when the FILL process is applied to the
HydroDEM, these waterbodies will fill and drain @ae location, the result of which will lead to leett
agreement with the catchment delineations in waiai these features.

The second stage process of the waterbody enforteteemed applying a “bathymetric gradient” is the
same as was done in Version 1 NHDPIlus with songhtsimodifications. The bathymetric gradient
ensures that the catchments generated for arificith flowlines within waterbodies are based on a
gradient directed towards the artificial path flowels. This process involves enforcement of just the
waterbodies that intersect the flowline network @iet = 1) or have a sink within them. The reswits
the bathymetric gradient process are shown in EiguR.
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Figure A-2: (a) Standard DEM Flow Accumulation Linéb) Bathymetric Gradient in Waterbody, (c) Flow
Accumulation Lines in Bathymetric Gradient

Stream-Burning using the AGREE Method

Modifications were applied to the source DEMs (et grids included in the NEDSnapshot folder) to
produce the HydroDEM. These modifications were m®red necessary because often the drainage path
(flowpath) defined by the NED surface does not #yanatch the 1:100,000-scale NHD. In many cases,
the NHD streams and NED-derived streams are phratleoffset from each other. Figure A-3 (a)
illustrates a common example of the differencethehorizontal positions of NHD streams and NED-
derived streams. If this offset distance is gre#éitan one grid-cell width, then some cells may et
identified as being upslope from the NHD streammsegt and therefore would be erroneously excluded
from the delineated catchment (Figure A-3 (b)).

To mitigate this mismatch of stream locations, ii¢D vector drainage was integrated into the raster
NED data, often referred to as “stream burning’'uf®kers, 2000). This process uses computer algaithm
originally written in the Arc Macro Language (AMIprogram called AGREE, developed by Hellweger

(1997). Figure A-3 (c) illustrates how the AGREEgmam corrects for DEM flow path displacement

errors when delineating catchments.
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Figure A-3: (a) Differences in drainage betweenNiD and flow paths of a NED-derived stream, (b)
Resultant NHD catchment delineations using unmediRED DEM data, and (c) Resultant NHD
catchment delineations using AGREE-modified NEDadat

AGREE “burns” a “canyon” into the NED-based DEM $wybtracting a specified vertical distance from
the elevation beneath the NHD vector streamlinég Viertical exaggeration of the canyon is contdolle

by specifying a “Sharp Drop/Raise Distance.” Foe tHydroDEM, a negative “sharp” drop distance
(10,000 meters) was applied to retain the new NHE&am flow path after subsequent depression filling
processes needed for catchment delineation.

AGREE also “smooths” the elevation adjacent to Nsti2zam cell locations in the DEM within a buffer
distance specified by the AGREE program user. Talfyicthe buffer distance is related to a common
horizontal displacement error between NHD and NEEved streams; this error is seldom exceeded. For
HydroDEM production, the buffer distance was sel®® meters on each side of the NHD streamline.
The smoothing process changes the DEM grid-celaglens within the buffer area to create a downward
sloping gradient towards the modeled canyon bertbathlHD streams. The steepness of the slope within
the buffer is controlled by the AGREE “Smooth Diepise Distance” option. For the HydroDEM, a
smooth drop distance of 500 meters was specifiétth acceptable results. Figure Ailtustrates how
AGREE changes the original DEM using all the spediparameters of AGREE.
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Figure A-4: Schematic of AGREE process

The use of AGREE's 160 meter smooth/drop buffetatise of the NHD streams may cause potential
problems at headwater flowlines because they bagior near drainage divides in the DEM. The 160
meter buffer distance at these headwater streargsertand across the DEM drainage divides and into
the adjacent basin area, thereby including arets$daeuthe true catchment area.

To minimize the problem of extending headwaterastre into adjacent watersheds, these headwater
streams were trimmed back earlier in the NHDPIlusldRefresh production process (Step 14). In
addition, headwater streams still in conflict witie WBD 12-digit HUC divides in the Wall featureass,
were trimmed back 70% of their original length (StE5). The trimback positions are noted in the
ToMeas field of BurnLineEvent.

Enforcement of WBD divides as “Walls”

A seamless nationwide coverage of the HUC 12 dgairdivides of the Watershed Boundary Dataset
(WBD) are integrated into the HydroDEM as “Wallsi the Wall feature class. The process of
conditioning DEM data to WBD drainage divides idlazh “walling”, which vertically exaggerate DEM
elevations corresponding to the location of WBDOgelkihes. The vertical distance used to exaggehate t
cells is a specified constant added to the elevaijitd cells above the WBD. Breaks in the walls aver
created at locations where the stream network esof®e WBD to ensure proper passage of water from
one WBD HUC 12 to another. A graphic 3-D represtimtaof a hydrologically-conditioned DEM with
WBD walling and the NHD “burning” is shown in FiguA-5.
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Figure A-5: 3-D Perspective view of modified DEMtiwwalling of existing Watershed boundaries anchimg of
NHD streams

Step Elevations for Flowlines

New for NHDPIus in Version 2, is the replacementetévation cell values within the NHD stream
channel cells of the stream burning process of é&giiéhe improvement utilizes the NHDPlus VAA
attribute, HYDROSEQ (hydrosequence) values to campuwinique elevation value for each flowline, to
create a stepping sequence within the burnt imstreanyon from Agree. This improvement enhances the
HydroDEM flow path to follow the main path navigati defined by NHDPIus, and resolves issues that
sometimes occur in Version 1 NHDPIlus flow directigrids, where the FILL process reversed the
direction of water to flow uphill to an adjacent B®PU inflow connection. While catchment
delineations are unaffected by flow directions lué streams, the use of stepped values for themstrea
channels in NHDPIusV2 greatly enhances the usgldfithe flow direction and accumulation grids for
watershed delineations.

Enforcement along the NHD Coastline (LandSea)

Another new enhancement for NHDPIusV2 is the hyahfarcment of areas along the NHD coastline.
Previously in NHDPIusV1, the ocean side of the NEstline was set to NoData in the HydroDEM.
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Now with NHDPIlusV2, the ocean areas within a bufieza of the NHD coastline has elevation values
lower than any NHD feature on the land. For codstgk of interest, a two-tiered ocean steppingbean
imposed in the HydroDEM to allow for DEM based wateed delineation within a bay to capture all
drainage to the bay by selecting just one grid cell

The new NHDPIus Burn Component feature class LaadSeaised for this coastal enforcement. This
enforcement is only applied for VPUs with NHD cdiast (the Great Lakes region is the one exception).
LandSea is a polygon feature class that typicalhtains two or three unique polygon categories dadle
the “Land” field.The polygon coded as land (LAND1¥ is used to resolve any disparity of landward
elevations in the HydroDEM between the NHD coastlimd coastline defined by the NED.

The ocean polygon (Land = -2) in LandSea is usedrép the oceanic surface elevation cells in the
HydroDEM below the imposed elevations of the NHDasttine. Estuary polygons (Land = -1) are
optional features along the coast for those bayerevh is preferable to have these differentiatechfthe
ocean cells. The estuary cells are 1 cm higher tharocean areas, and one centimeter lower than the
lowest NHD coastline in the VPU.

Flow paths can be imposed into the estuary andnhogleaations cells as a burnt canyon to direcindige
to these flow paths using the NHDPIlus BurnAddLieatfire class.

Enforcement of Sink points

For VPUs with sinks, the sink points are convetted grid where a sink is represented as one giid ¢
These sink cells are set to NoData in the HydroD&iMthat sink drainage areas drain to these points.
Later, when the NHDPIus ection grid (FDR) is ceghtthese NoData cell values are replaced with 0
(zero) values within the FDR grid in order to emsproper functionality with their use for point bds
watershed delineation.

Final HydroDEM, Catchments, FDR/FAC and Other NHDPIlus Outputs

After all the NHDPIus Burn Components are usedhia Yarious hydro-conditioning process, the final
HydroDEM for each RPU is completed after the FlLlogess is applied. FILL is used to resolve any
depressions in the DEM by “filling” these areasdrain these to the lowest surrounding grid cell. Al

lowpoints are filled except for those areas imposedhe HydroDEM with NoData cell sinks. The

NHDPIlus FILLEDAREAS grid shows grid cells raised the fill process, and is available with the

HydroDEM data for each RPU.

From the final filled HydroDEM, the flow directiofFDR) and flow accumulation (FAC) grids are
computed and written to each NHDPlus RPU foldeowHllirection and flow accumulation grids are not
merged for each VPU because the accumulation valolsrepresent upstream cells within the RPU,;
they do not include cells in upstream productioitsuor buffer areas.

New in NHDPIusV2, a second version of this flowedition grid is produced where the burned in hydro
is replaced by NoData cells. This variant flow diren grid is named FDRNULL and written to each
RPU folder of the NHDPIus HydroDem folder. The FDRIN grid can be used with the ArcGIS Spatial
Analyst function, FLOW LENGTH, to determine for d&agrid cell, the overland flow path length to a
NoData stream cell or coastline. Flow length geads useful for a variety of applications includingg in
determining riparian buffer areas.

The standard NHDPIlus FDR grid is used in conjumctiith the NHDPIlus CatSeed grid to determine the
catchments for the NHD flowlines and NHDPIlus sinBatchments generated for flowlines or sinks can
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be determined by the catchment attribute, Featuesl® SourceFC fields. In general, positive valunes i
FeaturelD are catchments deliented for NHDFlowlindegative FeaturelD values are sink related
catchments. The table, Featureidgridcode can asased to look up coded gridcode values to their
source feature ids and feature class source.

The catchments data are available in GRID form&{T{)Cand as a vector polygon feature-class shapefile
(Catchment). It is important to note that catchtrfeatures in a shapefile may be composed of one or
more vector polygon features. Multiple polygon teat occur as a result of the source 30 meteragtid-
resolution and the grid-to-vector conversion precésthese situations, one or more cells withafiogal

flow traveling diagonally into an adjacent cell adpa catchment boundary may create a separatequolyg
in the vector data model when these data are ctatvérom a GRID (see Figure A-6). These multiple
polygons are “dissolved”, however, into single raplrt polygons, so there is only one polygon reddar

the catchment shapefile for each catchment.

Flowline in red
1 has 5 polygons
. 2 defining its
’ catchment area

s
T

Figure A-6: lllustration of multiple polygon featks defining an NHDFlowline feature catchment area.
The final catchment is represented by a singleifpalt polygon.

Step 18 also determines what the minimum elevatoador each flowline catchment and writes these t
the NHDPIlus ElevSlope table found in the NHDPIlushtites folder. These minimum elevations are
recorded as the flowline’s minimum raw elevatiofigid MinElevRaw.
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Step 18.5 — Build National Catchment Grid — For eac  h VPU in Drainage
Area

This autometed step merges the VPU catchmentsgiideof catchments for the nation. This national
catchment grid is used in Step 18 to ensure searotegrage of the catchments as subsequent VPUs are
processed.

Step 19 — Build Final GlobalData.BoundaryUnit for V.~ PUs and RPUs

During step 19, the newly created catchments frimp 8 are dissolved into new boundaries for VPUs
and RPUs. The new boundaries are stored in the MiHGlobalData\BoundaryUnit feature class
replacing the preliminary boundaries built in stégand 12.

Step 20 — Build HW Node Area and Raw Elevations — F or each VPU in
Drainage Area

The purpose of this step is to determine raw elenatfor the headwater nodes and to determinertiee a

of a headwater catchment that drains to the headwettde of the flowline. This is accomplished by
delineating the portion of the total catchment atteat drains to the headwater node. The minimum
elevation within the headwater node catchment tainbed, from the NED snapshot grid, elev_cm. The
minimum elevation within this headwater node catehtrbecomes the maximum raw elevation for the
headwater flowline in field MaxElevRaw of ElevSlofble. The headwater node areas are recorded in
the NHDPIus attribute table, HeadWaterNodeAreaha field HwNodesgkm. Also, the minimum
elevations for catchments are calculated and #ilisevis stored in the “Minelevraw” field in elevpl, to

be used in Step 22.

Step 21 — Edit Catchments to Add International Area s (External)

Detailed data sets for most areas along the irtiermad borders have been included in the data fmed
developing the NHDPIus Version 2 HydroDEM, howewersome areas catchments needed further
extension so they would encompass the entire dyaiagea that drains to an NHD flowline. The largest
examples of extended catchments are in Region lE7 Racific Northwest). In these cases, Canadian
elevation data and hydrography data were acquae®-tigit hydrologic units that straddle the barde
Catchment delineations in these areas were basédeoHydroDEM that was constructed using these
data. Areas that drain into the border hydrologiitsuwere represented by extending the catchments
using either the “container” polygons from the Giimma NHN dataset (see
http://www.geobase.ca/geobase/en/data/nhn/desxeriptml) or the Atlas of Canada 1:1,000,000-
scale Fundamental Drainage Areas (FDA) dataseti(hlaResources Canada, 2008).

Because the 1-arc-second NED data now includesfdillexico, the catchments for NHD flowlines
having drainage area in Mexico were developed eytinsing the HydroDEM. None of the catchment
areas in Mexico were extended.

An additional process was done to ensure that dhesigdrain out of the U.S. to streams in Canada or
Mexico are all covered by the flow direction analWflaccumulation grids.

Step 22 — Smooth Elevations
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The raw flowline elevations developed in Step 20@vjgte upstream elevations at most headwater
flowlines and downstream elevations for most flowi. The situations where upstream and/or
downstream elevations are not available are destrfelow under Special Considerations. These raw
elevation values may result in negative slopes @/ledevations decrease as the flowlines are traderse
from downstream to upstream. To develop non-negatigpe estimates for all flowlines and consistent
elevations at nodes, several steps are performeelevation smoothing. The post-processing and
elevation smoothing take full advantage of advanbi#dDPlus network traversal capabilities. The
elevations go through the following processes:

First, the minimum elevations for flowlines thain@t a downstream node are independently developed
and may not be equal. The elevations at each nedmade equal by taking the maximum elevation of
the one (or more) flowlines that are immediatelgtugam of the node.

Second, the node elevations are also assignedeam#@iximum elevation for each flowline that is
immediately downstream of the node.

The results of these two processes are consistele slevations for flowlines that have catchments.
When all of the flowlines immediately upstream af@de are too short to generate catchments, the nod
will have an elevation egual to the downstream ghrexbelevation.

Third, raw elevations are smoothed so that mostlih@s will have non-negative slopes. With raw
elevations, flowlines can have a minimum elevatiogater than the maximum elevation which results in
a negative flowline slope; essentially, the watews$ “uphill.” This problem is not uncommon when
using digital elevation models for estimating flovd slopes. The solution used in NHDPIlus is to sitmoo
the elevations along a flow path so that the negatilopes are removed. This process involves
interpolating between elevations upstream and doeas of flowlines that have negative slopes. The
result of the smoothing is that all of the flowln&vill have a positive (“downhill”) or zero slope.
NHDPIus slopes are constrained to be greater thaggoal to 0.00001 m/m even when the elevation
smoothing process produces equal upstream and tteamselevations on a flowline. Another important
reason to perform the smoothing is to ensure thattworked flowlines have elevations and slopes.
nodes with missing elevations, as described ahibvesmoothing process fills in these elevations and
slopes based on the elevation values of the fl@slinpstream and downstream. There are some cases
where the smoothed elevations produce a zero shjiethe slope is set to missing (-9998), which is
described below under Special Considerations.

Fourth, because “Raw” elevations are based ondhes determined in the catchment building process,
many flowlines are “trimmed”, which means that thedevations are computed based on the trimmed
flowline. Therefore, the elevation smoothing leng#ed for calculating slope (SLOPELENKM) uses the
flowline lengths from the BurnLineEvent table.

The results of the elevation processing are stioréfte ElevSlope Table in the NHDPIlusAttribute sifer.
One of the many powerful features of NHDPIus is dbdity to extract all of the flowlines for a st
path and sort them in an upstream or downstreagr.ofthis capability permits smoothing to be done on

a stream level path basis (e.g., the Ohio Rivenataim). The elevation smoothing is done sequeptiall
going from the mainstem to tributaries.

Smoothing Techniques

121



Three basic approaches to elevation smoothing haea evaluated. The first approach, referred to as
“downstream smoothing,” interpolates progressividyvnstream. This approach generates a smoothed
elevation set that forms the lower envelope ofdlesation profile. An example of this approachhiswsn

in Figure A-7. The second approach, “upstream shiog{’ interpolates in the upstream direction and
forms the upper envelope of the elevation profle.example is shown in Figure A-8. A third approach

a hybrid downstream-upstream approach, was alstuaed. The hybrid approach mainly uses the
downstream elevation smoothing technique and tles the upstream smoothing technique until a slope
greater than zero is produced (Figure A-9).

Smoothed Elevations and Slopes for NHDPIlus

Of the three smoothing techniques evaluated as gfatthe development of NHDPIus, the upstream
smoothing technique was selected. The downstreamothing proved unsatisfactory because of
ramifications of the method used for assigning deiveam elevations of flowlines. The downstream
elevations are determined using the lowest elevatiche catchment. While this method works in most
cases, sometimes the minimum elevation is in alyanwg area, such as a rock quarry or mine, that &
much lower elevation than the true downstream élavaof the flowline. The downstream and hybrid
smoothing techniques will then set all flowline e#ons downstream of an artificially low elevation
equal to this artificially low value, until a flowle elevation is encountered that is higher thas [dw
elevation. The effect of this process results imynfowlines having artificially low elevations armbro
slopes. The upstream smoothing technique avoidgptbblem.

In NHDPIusV2, the ElevSlope table contains the “Ré®tep 20) and smoothed elevations (Step 22),
using the upstream smoothing approach, with slgpestrained to be greater than or equal to 0.00001
(except situations described below). A relativefgall number of flowline connections exist where
elevations of all flowlines at a node are not cstesit. These elevation inconsistencies occur ohigrev
some level paths meet, particularly in areas watmglex divergences. As a result of elevation smagth
most (>99%) flowlines in the network receives gslgreater than, or equal to, 0.00001.

Downstream Hevation Smoothing
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Figure A-7: Downstream Elevation Smoothing
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Upstream Hevation Smoothing
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Figure A-8: Upstream Elevation Smoothing

Hybrid Smoothing
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Figure A-9: Hybrid Elevation Smoothing
Special Considerations

1. Missing Slopes
Sometimes headwater flowlines or minor path floedirare trimmed back to the point where a
catchment cannot be built. In these cases, bottragms and downstream “raw” elevations are
missing (-9998). In these cases, as well as soh&r situations where catchment or burn is set to
“N", the actual slope cannot be determined, buukhaot be considered to be zero, so the slope
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is set equal to missing (-9998). In addition, imgoof these cases where the downstream junction
is a simple junction, the downstream flowline adles a slope set to missing; this is because there
is no way to determine an upstream elevation, lertetis no reason to expect it to be zero. The
elevation smoothing process does assign elevatiorteese situations, but the upstream and
downstream elevations are equal. In cases whersldpe is missing the Velocity Extension
module uses the Jobson “Unknown-Slope” method.

2. Non-Spatial Connections

Non-spatial connections occur at places where thRlDRlus editors have determined that a
flowline, or a network of flowlines, are connectedanother networked flowline, but no digitized
flowline is provided for this connection. This sition also exists at international borders, where
a network enters CN or MX and then the stream nétwe-enters the U.S. at another flowline.
The connection exists logically in the Flow tabledahe NHDPIusVAA table, but there is a
“Gapdist” > 0 computed. In these situations, thevation smoothing process does not continue
upstream to the non-spatially connected flowlinhoek. It treats the upstream flowline(s) of the
non-spatially connected flowline/network as an fased” network.

3. Cross-VPU Connections

In the Mississippi and Colorado River Basins, trememultiple VPUs. The upstream connectors
for VPUs downstream of another VPU are not staziches, so they do not have upstream
elevations assigned based on the upstream flowlmations. In these situations, the final runs
of these VPUs will run them first in an upstrearrdtiwnstream sequence, determining the
elevation that should be used for the most upstriéaniine(s) in the downstream VPU. These
elevations are stored in the BoundaryValue talge)dter use when the elevation smoothing is
run in a downstream-to-upstream VPU sequence. Télesations stored in the BoundaryValue
table are used as the “raw” upstream elevations. dlavation smoothing process may change
these elevations, and the smoothed elevationseat thpstream connections are stored in the
BoundaryValue table, to be used in the elevatioaathing when the upstream VPU is run.

Step 23 — Accumulate Catchment Area

Step 23 uses functions from the NHDPIlusV2 Catchmdotation and Accumulation Tool (CA3TV2) to
accumulate the catchment areas downstream to ishkt#id cumulative upstream catchment area for each
NHDFlowline feature where NHDFlowline.FlowDir = “Wi Digitized” and NHDFlowline.FType <>
“Coastline”. Cumulative catchment areas are storéde \NHDPIlusAttributes\CumulativeArea table.

Step 24 — Package NHDPIusV2 for Distribution

Step 24 is primarily a manual process of re-arragpgie outputs of the NHDPIusV2 Build/Refresh Tools
processing into the publicly available copy of NHI¥Y2 described in this User Guide.
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Build NHDPIusV2 NationalWBDSnapshot

As described above, the NHDPIlusV2 process incotpdra number of snapshots from the
national WBD. As each VPU was processed, the tlatession of the national WBD was
acquired and used to extract the WBDSnapshot ®MRAU. After NHDPIlusV2 build/refresh
production was completed, the WBDSnapshots fothall VPUs were assembled into a single
national WBDSnapshot. The following steps were fggared to build the national
WBDSnapshot:

« Attribute each VPU's WBDSnapshot SubWatershed si@peéth the WBD snapshot
date (WBD_Date) and VPU Identifier (VPUID).

« Append all attributed snapshots together and Inoealan fgdb.

- Create and Validate a topology with rules "Must o¢rlap” and "Must not have gaps”,
using a tolerance of 0.00000556 decimal degregudajmately 0.6 meter).

« Use the topology error inspector to zoom to anafigrlaps by keeping the polygon
from the earlier WBD shapshot.

- Use topology error inspector to examine gaps. Btagxceptions all gaps resulting from
islands that are single or multipart islands in WBD

- Use topology error inspector to fix remaining ghgsconverting to features, and merging
with an adjacent polygon.
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Catchment Attribute Allocation and Accumulation Ext ensions
(CA3TV2)

The purpose of CAV2 is the integration of landscape attributes witle NHDPlus Catchments.
CA®TV2 has two main functions: Allocation and Accuation. The Allocation function takes a user-
supplied raster dataset, either continuous nuneeréategorical, of landscape attributes and alextte
attribute(s) to the NHDPIlusV2 Catchments. The Awalation function builds, for each NHDPIlusV2
stream network feature, the upstream accumulatdsesyadrom the allocated attributes. During the
NHDPIusV2 Build/Refresh Tools process, CA3TV2 iedigo allocation and accumulate the attributes
that are contained in the \VPUAttributeExtensiofdén. These attributes are then used in the EROM
Extension and VogelFlow Extension to estimate stréaw.
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Enhanced Unit Runoff Method (EROM) Flow Estimation and QAQC
Extension

The Enhanced Unit Runoff Method (EROM) for estimgtistreamflows in NHDPIlusV2 has extended
beyond the original Unit Runoff Method (UROM) usedNHDPIlusV1l. UROM estimated a unit runoff
(cfs/knt) for each catchment and conservatively routed asmlimulated these incremental flows down
the stream network. EROM contains enhancementshwiesult in a 6 step flow estimation procedure as
follows:

1. The unit runoff step uses a grid produced fromoa thalance model (Wolock, et al.) that is at a
finer resolution than the NHDPIlusV1 HUCS8 runoff was.

2. A “losing streams” methodology is incorporated thedtes losses in stream flow that can occur
due to excessive evapotranspiration in the strdaanrels.

3. A log-log regression step using “Reference” gatpas provides a further adjustment to the flow
estimates. Reference gages (Falcone, et. al.hase gages determined to be largely unaffected
by human activities. This regression, based on @&lyais of the flow estimates from the first
two flow estimation steps, improves the mean anfioal estimates.

4. A new table in NHDPIusV2, PlusFlowAR, provides aane to take flow transfers, withdrawals,
and augmentation into account.

5. A gage adjustment component is incorporated thastlflows upstream of a gage based on the
observed flow at the gage. Only gages that meminecriteria are used to perform gage
adjustment. The gage-adjusted flow estimates shmldonsidered the “best” NHDPIlusV2 flow
estimates for use in models and analyses.

6. Because the gage adjustment is performed on adlsgtigre is no way to perform a QA on how
good the gage adjusted flows are on ungaged NHDiFleweatures. In the sixth step, a
proportion (typically 20%) of the gages are randporeimoved from the gage adjustment process,
which then provides a basis for an estimate ofattmuracy of the flow estimates created in Step
5. Ideally the gage sequestration should be runipheitimes to provide a best estimate of the
effects of the gage adjustment step, but thisiigeatly not feasible because of the long run times
for EROM.

In addition to the 6 steps in flow estimation, atlemhancements have been incorporated into the
NHDPIlusV2 EROM flow procedures:

» The flows for all six of the above steps are regddiin the EROM output file. A separate module
calculates the velocity estimates for the flowsdoiced by the first five steps. The EROM output
file contains several additional output values thia used for QA and can be used for various
user analyses.

e The EROM interface enables adjustments to varioasarpeters that control EROM
computations.

« The EROM flow estimates are examined by a QA modiiieh calculates and reports statistical
QA measures.

EROM computes mean annual (MA) and mean monthly [MiMvs. The initial release provided only
the MA flows. The MM flows were not released be@ao$ QA issues. These QA issues have now been
resolved so that the MM flows are now availablenglwith updated MA flows. Below is a description of
the upgrades to EROM that were implemented to deothie MM flow estimates:
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1. Upgraded from the “Falcone” to the more recent GABHEataset for defining Reference Gages.

2. The minimum number of years of gage data has besmged from 20 years to 10 years. This
change significantly increases the number of gaged by EROM.

3. The Reference Gage Regression (RGR) step limitadjhusstments to the lower and upper bounds
of the regression. This change effectively elimiisathe “over-adjustment” at higher stream flows
that sometimes occurred in the first release oEHROM MA flows.

4. In 17 cases of VPU-level MM flow estimates, a rdmefjyression method is applied in place of
the runoff grids. This occurs in winter monthshe Great Plains when the runoff model was
unable to account for the predominance of base tioger very cold, low flow situations.

5. There are now options for running or not running Excess Evapotranspiration (EET) and/or the
RGR steps by VPU/time period (MA, MM). The optiamsed by EROM for the VPU/time
periods are in the table \NHDPIlusGlobalData\EROMSGMPBF. Users are encouraged to refer to
the EROMOPTS table to determine the specific ogtiased for their flows of interest.

Below is the file layout of the EROMOPTS.DBF table:

Field Name Description

VPU The 3 character identifier for the VPU, e.d.0L”

Timeperiod “MA” = mean annual, “01” = January, “02"February, etc.

SKipEET 0 = Run the Excess Evapotranspiration (E&dp, 1 = do not
run the EET step

SkipRGR 0 = Run the Reference Gage Regression (R@R)1 = Do not
run the RGR step

RUNOFFREG 0 = Do not use a Runoff (RO) RegressionReplace the
Runoff grid values with the regression in the R@pSt

ROA RO Reg. Coefficient 1; intercept term

ROB RO Reg. Coefficient 2; Drainage Area (DA) tei®aq Km)

ROC RO Reg. Coefficient 3; Mean Monthly Preciptatierm
(cm/month)

ROD RO Reg. Coefficient 4; Mean Monthly Temperatiemen (deg.
C)

ROE RO Reg. Coefficient 5; Mean Annual Base Flodek (0 to
100)

ROBCF RO Reg. Bias Correction Factor (BCF)

TPOS Temperature (Deg. C) to be added to the Meamt
Temperature needed to produce positive temperafilues for
the log transform in the RO Reg.
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Step 1 Unit Runoff Calculations

Step 1 uses MA and MM runoff grids as the basalimié runoff values (Wolock and McCabe, 1999). The
runoff grids were produced as part of the U.S. @ldbhange Research Program (USGCRP), where a
water balance approach was used to estimate ruhb#.water balance approach takes precipitation,
potential evapotranspiration (PET), evapotranspina{ET), and soil moisture storage into account. |
this process, ET losses are, properly, not alloteeeixceed precipitation. These grids are overlaiw o
the NHDPIlusV2 catchments to compute runoff withéiclke catchment. The catchment runoff values are
conservatively routed downstream to arrive at tingt festimate of streamflows for each networked
NHDFlowline feature. Figure A-10 shows the mean uatnrunoff grid. Note that, for use in
NHDPIusV2, the runoff grids were expanded to ineladeas of Canada and Mexico.

Incremental runoff flows for each NHDFlowline feeguare labeled “QIncrO001A”. The QincrO001A
flows are routed and accumulated to produce thg Bteow estimates which are labeled Q0001A.

Step 1: Mean Annual Runoff Grid
g

Figure A-10: Mean Annual Runoff

Runoff Using the Regression Method:

In 17 MM flows the QA statistics were particulapgor, with Standard Errors of the Estimate (SERS) i
the hundreds of thousands. All of these cases watum Great Plains VPUs (10U, 10L, 11, and O#&ha
winter. An investigation of these cases found thatreason for these poor results is that the fuloef

is dominated by base flow with surface runoff bedhgse to zero. A log-log runoff regression metiigd
used in these cases, replacing the runoff grida e unit runoff regression equations. The bedt un
runoff equation was found to be:

URO (cfs/Knf) = 1G** Pcnf * TDegC" * BFI® * BCF, where
a, c, d, e = regression coefficients
Pcm = Mean monthly Precipitation (cm)
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TDegC = Mean monthly temperature (Deg. C),
BFI = Mean Annual Base Flow Index (see /http://waiggs.gov/G1S/dsdl/bfi48grd.zip),
BCF = Bias Correction Factor (see Duan, 1983)

The VPUs/months, and the regression coefficientseres this method is applied can be found by
guerying the EROMOPTS.DBF table.

The regression method worked well, providing QAistias for these months that are comparable teroth
months in the VPU. An example of the runoff QA istits with and without the use of the regression
method is shown below for VPU 10U. The regressi@thmd is used for November, December, January,
February, and March.

[able 1: Statistics For All Gages:

Gage Runoff
?exriod H Obar Jbar SEE
MA | 192 | 2.2063 | Z2.2736 | T4.514 |
JEN | 374 | 1.277% | -0.066 | 95104, |
FEB | 208 | 1.6748 | -0.036 | 178722 |
HMAR | 212 | 2.2023 | 0.9551 | S2947. |
AFR | 226 | 2.2094 | Z2.1082 | 145.95 |
HMAEY | 229 | 2.3863 | 2.5760 | 1l08.9%8 |
JUH | 230 | 2.389% | Z.6061 | 117.85 |
JUL | 231 | 2.1482 | Z.4821 | 1T0.78 |
ADG | 230 | 1.871% | Z.3017 | 252.98 |
SEP | 230 | 1.7638 | Z.1%00 | 303.%2 |
ace | 214 | 1.8355 | Z.1646 | 150._80 |
HOV | 206 | 1.7642 | 0.9022 | 2385.9 |
DEC | 206 | 1.6406 | 0.3981 | 94164, |

VPU 10U Runoff QA before Regression

Table 1: Statistics For All Gages:

Gage Bunoff
Period H Qb=x Qbarxr SEE
HA | 348 | 1.936% | 1.9786 | 33.188 |
JAH | 374 | 1.277% | l.4894 | 205.23
FEB | 377 | 1.5911 | 1.B313 | 178.56
HAR | 388 | 1.9364 | 2.1166 | 131.31 |
AFR | 410 | 1.5447 | 1.6483 | 1B0.22 |
HAY | 417 | 2.1205 | 2.2880 | 135.99 |
JUH | 415 | 2.1216 | 2.3123 | 144.21 |
JUL 41% | 1.B560 | 2.1872 | 1%8.35 |
ADE | 416 | 1.565%2 | 2.0113 | 319.88 |
SEP | 417 | 1.4304 | 1.907L | 360.63 |
ace | 3g2 | 1.5327 | 1.8628 | 276.21 |
ROV |l 370 | 1.4204 | 1.6260 | 1B7.68 |
DEC | 371 | 1.286% | 1.5361 | 245.70

VPU 10U QA after Regression

Note that the count of gages (N) and the QA stasistre different for MA and all MM values for the
before and after cases. This is because all dafttier changes to EROM were applied to the “afterst

Step 2 Computations:

Step 2 implements a method that takes “excess BB’ account. This method, developed by Dave
Wollock of USGS (personal communication), considbestotal available water in a given catchment to
compute additional losses due to ET. The ET losaasexceed the total water available in a catchment
resulting in a net loss in streamflow.

As streamflow is routed through the NHDFlowlinewetk, some portion of the flow can be “lost” in a

downstream catchment through evapotranspiration. (Eie quantity of lost streamflow is assumed to be
a function, in part, of excess potential ET (PEM)He hydrologic unit, which is defined as the REat is
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in excess of actual ET (AET) computed by the watdance model. The model assumes that the excess
PET within the river corridor itself places a demam water entering the catchment from upstream flo
and that the river corridor is 30% of the totalctaent area. Furthermore, it is assumed that treaiam

of upstream flow that can be lost to satisfy exdegS is limited to 50% of the total upstream flow.
These percentages were determined by subjectilatédn of the model to measured streamflow i ari
regions that clearly lose water in the downstreamection. Runoff consumption in a catchment occurs
when locally generated streamflow, computed froevifater-balance model, is less than streamflow loss
due to excess potential evapotranspiration.

There are situations where this step is not rud,tha Step 2 flows are set equal to the Step 1sflévor
mean annual flows there is an option to not rus dtép; this option is selected if the QA statisfar a
VPU show that step 2 greatly increases the erronseEROM is then re-run with the option to not run
Step 2. The VPUs where Step 2 is not run for meania flows is contained in the Release Notes.

Input Data:
* PPT - The mean annual precipitation in the catcthifnem PRISM.
e Temp: The mean monthly temperature of the catchmgng Prism; it is the (average max T +
Average Min T) / 2.
» XLAT: The average latitude of the catchment for tdDFlowline feature.
* QAUS: The sum of flows that enter the catchmenetas the Step 1 values.
* QincrO001A: The incremental flow in the catchmenoti Step 1.
e Julian Day: For each month, the Julian Day forrttiddle of the month.
» Fractl, Fract2 are inputs; default values are 6d3(85, respectively.

Step 2 calculations are performed as follows:
Note: The method described below is the Hamon bte{hlamon, 1961).

Sum the monthly PET values to arrive at total PET.

AET (actual ET) = Max( PPT — PET, 0)

ExtraPET = MAX(PET — AET, 0)

Q0001B = QAUS + Qincr0001A — Min(QAUS*Frac2, ExteP*Fracl)

Qincr0001B = Q0002B — QAUS. Qincr0001B is the imeemtal Step 2 inflow for the
catchment/NHDFlowline feature.

LR

Note: For headwater NHDFlowline features, the d@alibons will not change the Step 1 flow estimates
because QAUS =0

Steps 1 and 2 are designed to estimate “natunal’ .fitep 1 uses the flow balance runoff grids, ahhi
reflects “natural runoff’” at a much finer resolutithan the NHDPIusV1 runoff, which is based on a
HUCS8 resolution. Step 2, “Excess ET", is designedatke instream losses into account due to natural
hydrologic processes. This loss of instream flovaisignificant, observed phenomenon, especially in
areas west of the Mississippi River. Step 2 wasothiced to overcome a major problem in the
NHDPIusV1 flow estimates, which tended to overveste flows in dry, hot areas because the flow
estimation process in NHDPIusV1 had no loss compon&ogether, Q0001B flow estimates, produced
by Step 2, are designed to provide the “best estsiaf natural flow.

Step 3 Reference Gage Regression Flow Adjustment
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In the course of performing detailed QA/QC of fleatimates in HydroRegion 04, it was discovered that
steps 1 and 2 tended to fairly consistently undérate flows. Based on the knowledge and expegien
of the USGS hydrologists on and consulting with§i¢DPlus team (Al Rea, Dave Wolock, and Kernell
Ries), it was hypothosized that steps 1 and 2 maigs” a key part of the natural stream flow, which
could be an underlying, fairly consistent negatiies in base flow. Additional analyses using gabes
are primarily “natural flow” (known as the “FalcoReference Gages”) reinforced this point.

Through evaluations of the flow at the Falcone gagersus EROM Step 2 flow estimates, a log-log
regression adjustment of the EROM flow estimatéerahe first two steps helped to correct for this
observed bias in the EROM flows in HydroRegion Bdsed on this analysis, Step 3 uses the results of
the regression to adjust the EROM Step 2 flows.

The phenomenon found in HydroRegion 04 is not etquketo occur in all HydroRegions. However, there
is every reason to expect that different situatioosur. For instance, there may be a consistestdbs
base flow to groundwater, which might then leadnmver-estimation of stream flow in EROM.

The regression step has been found to improve ERGM estimates in several VPUs, while in some
VPUs it has a marginal effect; refer to the EROM@QB801.pdf files for each VPU to see what impacts
the regression step has in improving EROM flowreates.

Based on the EROM QA, if there are no particulasties” in a VPU that result in a consistent under o
over-estimation of stream flows, then the regresgquation has a minor effect on the stream flow
estimates. The QA statistics and the regressiofficieats (described in the section on “EROM Flow

Estimation QA”) provide the information needed tetetmine whether or not, and by how much, the
regression process changes stream flows.

The Reference Gage Regression applies a regrasasat adjustment to the Q0001B flow which is then
referred to as QO001C. The regression is deterndaddllows:

1. The reference gages are screened based on twaecrikgrst, the NHDPlusV2 drainage area for
the gage must be within a certain plus or minusgrgnge of the NWIS-reported drainage area.
Second, the gage must have a required minimum nuofbgears/months of complete record.
The criteria used for each VPU is shown in the ERQMreport.

2. The screened reference gages are used to devilgpay regression comparing the gage flow to
the Q0001B flow. The regression is of the form:

QO0001C = a * Q0001B* BCF, where @
a and b = regression coefficients and
BCF = Bias Correction Factor
Equation (1) is then applied to all networked NH&wline features.
3. Regression variables and calculations:
N = number of Reference gages being used
i =the gage being used, from 1 to N, Note: sunonatare for all N
Y; =1log1l0(Q_F+ 0.1), where Q_j= Falcone Reference gage Q adjusted to the baitom
the stream segment
X; = 1og10(Q0001B+ 0.1), where Q00018s the Q0001B flow for the NHDFlowline
feature containing the gage
Xbar = ZX, /' N
Ybar = ZY| /' N
Xi = Xi- Xpar
Vi = Yi-Yoar
b = &x*y) / ¥x?
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a= (Ybar_ b*Xbar)
r? = b *X(x*y:) / Y (yi)

For the BCF using a “smearing” approach (Duan, 1983
e=Y -10*X?
BCF =X (10°/ N)

Figure A-11 shows a simple junction with networkti@es numbered 1, 2, and 3. This will be used to
illustrate how the reference gage regressionsrardiental flows are computed.

Figure A-11: A Simple Junction for Flow Routing

Step 4 flow calculations are made as follows:

The calculations are performed for NHDFlowline feas 1 and 2 and all networked features
above 1 and 2. Also, ALL flows are >=0; no negatilows are allowed. Incremental flows may
be negative.

QO0001B, = Flow on NHDFlowline feature n from the EET step

Q0001G, = Flow on NHDFlowline feature n with the referergage equation applied
Qincr0001G = Incremental flow on NHDFlowline feature 3 in tteference gage step

Divfract; = If NHDFlowline feature number 3 was part of aaligence, this would be the fraction
of the upstream flow to route to feature number 3.

a, b, BCF = reference gage regression coefficients

Q0001G = 1G* * QO001B" * BCF
Q0001G, = 1G* * Q0001B,” * BCF
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Q0001G; = 10 * QO001By’ * BCF
Qincr0001G = Q0001G — (Divfrack * (Q0001C, + Q0001C))

Note 1: Flow balance is preserved because accuedullatws are a sum of incremental flows.
Note 2. The reference gage regression is, in gfégplied to incremental flows in cases where
the network feature is a headwater or a minor jpéth divergence without flow split values
(Divfract=0 for the minor path).

Step 4 PlusFlowAR Flow Adjustments

Step 4, PlusFlowAR adjustments, is an opportumitintorporate flow withdrawals, augmentations, and
inter-basin transfers, into the flow estimates. déta table has been added to NHDPlusV2, named
“PlusFlowAR?”, that provides a place for flow additis, removals, and transfers of flow to be takéo in
account. This table can hold, for instance, upstrbaundary conditions from Lake Erie to the Niagara
River, flow transfers from the Colorado River tdet basins or locales (e.g., Phoenix or California)
flows withdrawn for irrigation, and irrigation retuflows. As EROM routes down the NHDFLowline
network, flows are added and removed based on dhitian and removal points and quantities in
PlusFlowAR. The Qincr0001C values are modified saned as QincrO001D.

Over time, it is hoped that the PlusFIowAR tabld & used to store many flow removals, additiond a
transfers, including irrigation and drinking watsithdrawals, karst areas flows, and losses/gaios fr
groundwater.

There can be situations where the total availdbig is less than the flow that is to be transferfiredn a
given NHDFlowline feature. In this case, all Q000&w will be transferred/withdrawn, resulting in a
zero flow at that NHDFlowline feature. In theseses, there is a field in the EROM output that tsaitie
amount of flow in the PlusFlowAR table that is aohilable for transfer/withdrawl.

The cumulative and incremental flows after the PlowAR adjustments are referred to as Q0001D and
Qincr0001D, respectively. Using the example iruégA-11, Q0001D and Qincr0001D are computed as
follows:

Q0001D0, = Q0001G +/- PlusFlowAR where n is the NHDFlowline featumember 1, 2, or 3
Qincr00013 = Q00011 — (Divfract * (Q0001D + QO0001D))

Step 5 Gage-based Flow Adjustments

Step 5 performs a gage-based flow adjustment on RtEY2 network features above the gages. Step 5
is a way to (1) provide much better flow estimatgstream of gages, and (2) “adjust” flow estimates
downstream of gages to better reflect flow alteratinot taken into account in the first four stefsep 5
adjusts streamflow estimates based on observeagatation data. Only gaging stations linked ® th
NHDPIus network are used to adjust flows. The adjesat process includes the following steps:

1. Only gages where the NHDPIusV2 drainage area fergdge is within +/- 20% of the NWIS
gage drainage area are used for gage adjustmdat.driiinage area comparison removes gages
that are incorrectly on the minor path of a divex®eor mis-located on a tributary rather than on
a mainstem. An example of these outliers is shimmfigure A-12. The circled gage points are
gages that would be removed in this process.
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Region 02 Drainage Area QA
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Figure A-12: Gage Mismatch Removal

The gage flows and drainage areas are adjusteeflextrvalues at the downstream end of the
NHDFlowline feature. Drainage area is adjustecthgling the catchment area below the gage to
the gage drainage area. The gage flow is adjustéaking the catchment unit runoff from Step 1
(cfs/knt), and adding that incremental flow based on tliehtaent area below the gage.

Incremental flows are adjusted as follows:
a. For Upstream gages (no other gages upstream).

i. Apportion the adjustments in the incremental stft@ans (Q000D) so that the
NHDFlowline features that are closer to the gageixe more of the adjustments
than NHDFlowline features farther away from gagehe Tadjustment is
apportioned based on the ratio of an NHDFlowlinatdee’'s drainage area to
gage drainage area.

ii. Streamflow adjustment is made only where the NHR#he feature's
cumulative drainage area is greater than or equél3 of the NHDPIlus gage
drainage area.

ii. A “flow balance” will usually be maintained suchaththe incremental flows
from Step 5 can be summed to get the Step 5 stimamf

b. For a gage that lies below another gage on the szeirestem. Mainstems are defined as
the Level Paths in NHDPIlusV2 (See PlusFlowlineVA&vkIPathID).

i. The adjustments are apportioned to incremental flioeh that the NHDFlowline
features that are closer to the gage receive méréhe adjustments than
NHDFlowline features farther away from gage.

ii. The flows will be adjusted for all NHDFlowline femes between the two gages
regardless of the gage drainage ratios.
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4. The flows on NHDFlowline features are not adjugted se for gages that are upstream, however
the gage-adjusted flows upstream of gages aredaldgenstream so that the gage adjustment
effects will impact NHDFlowline features downstrearhgages. This helps to improve flow
estimates on all NHDFlowline features downstreamatfes.

The gage flow adjustments are computed as follows:

1. There is no gage upstream:

a. The change in flow necessary for the Step 4 flod/ the gage flow to match is DeltaQ =
Qgage — Q0001D.

b. The NHDFlowline features to which DeltaQ must be@gioned is found by navigating
upstream from the gage, “flagging” all NHDFlowlifeatures with a cumulative drainage
area >= 0.5 times the gage drainage area. EachHAMiMine feature’s cumulative
drainage area is referred to as “CumDA”.

c. Sum of the cumulative drainage areas for the NHidH® features to be adjusted is
computed. This will be referred to as “CumCumDA”.

d. The incremental flow adjustment for each of the NHtivline features from (2) is
calculated as: DeltaincrQ = DeltaQ / CumCumDA * n QincrO001E =
Qincr0001D + DeltaincrQ

e. All of the NHDFlowline features that are adjusted 8agged such that no further flow
adjustments can be made to them.

2. The gage is below another gage on the same Letlel Pa

a. The revised flow at the upstream gage(s) is roatedl accumulated from the upstream
gage down to this gage. The accumulation is baseth® Qincr0O001D values on the
NHDFlowline features between the gages. At thisegédip DeltaQ = Qgage — Q0001D
based on the downstream gage values.

b. The NHDFlowline features are navigated from thigeyao the next upstream gage(s).
This routing includes all NHDFlowline features beem the two gages as well as any
tributary NHDFlowline features that have (1) naally been flagged as being adjusted,
for instance, NHDFlowline features adjusted in inay and, (2) tributary NHDFlowline
features where the cumulative drainage area is B=tithes the downstream gage
drainage area.

c. It is important to note that the drainage areaeddt is not used for NHDFlowline
features on the same Level Path between the gaibesis to ensure that there are no
“gaps” in the gage flow adjustments between gageshe same mainstem, which is
defined by the Level Path.

d. The same flow adjustment method as described inabalve is performed, where
DeltaincrQ = DeltaQ / CumCumDA * CumDA. QincrO001E Qincr0O001D +
DeltaincrQ. CumCumbDA is the DA sum for all NHDFlamé features being adjusted,
which includes all NHDFlowline features between gages on the Level Path and any
tributary NHDFlowline features that meet the DA 65 times the downstream gage DA.

e. Note that large mainstem rivers will have adjustteeon most of its NHDFlowline
features, with adjustments probably occurring egdatributares.

3. There are no gages downstream on the Level PaiivsRire accumulated to the bottom of the
Level Path using the QincrO001E values on the neim&nd tributaries.

Figures A-13 through A-18 illustrate how the gagedd flow adjustments are done. The example shows
the process for step 1.d above. For ease in uameisy the process, a unit flow (e.g., 1 cfsikis
assumed so that the drainage areas and flows aaé &fpte that in this example, NHDFlowline featire
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are adjusted on both mainstem NHDFlowline featued on one tributary NHDFlowline feature. In
many situations, a “flow balance” can be maintaireah that the accumulation of the adjusted
incremental flows in this process will be maint@ineln cases where the gage flow is greater than th
Step 3 flow (Q0001C), a flow balance can alwaysriaéntained. In many cases but not all cases, where
the gage flow is less than the Q0001C flows, a fi@hance can be maintained.

There will be cases where the gage-based flow td@rg could result in a negative flow on one or enor
NHDFlowline features. Because negative flows arewvalid, the NHDFlowline feature flow will be set
to zero. In this case, the Step 4 flow on the NKfine feature where the gage is located will be s
equal to the gage flown this case a flow balance, in which the sum of thflows upstream plus the
incremental flow, will not be able to be maintainedabove the gage.Note that attempting to re-adjust
changes in incremental inflows to maintain a flalamce can get quite complicated if not impossithie;
re-adjustment could in itself lead to additional DiHowline features having negative flow, which waul
create a “loop”.

Gage Adjustment: Starting Incremental DA’s and Inflows
(For simplicity, assume a unit runoff so DA’s and Q’s are
the same)

Gage DA =12
Gage Q =13
Flowline Flow = 12
QAdj=13-12=1

Figure A-13: Incremental Drainage Areas and Flows
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Gage Adjustment: Cumulative Drainage Areas and Flows

Gage DA =12 12

Gage Q = 13 - <>/

Flowline Flow = 12
QAdj=13-12=1

Figure A-14: Cumulative Drainage Areas and Flows

Gage Adjustment: Adjust All Flowlines Upstream With
CumDA >= 0.5 * Gage DA

> 9
10 5
Gage DA =12 12
Gage Q =13 .G

Flowline Flow = 12
QAdj=13-12=1

Flowlines to be adjusted

Figure A-15: NHDFlowline features to be adjustedjage flow
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Gage Adjustment: Adjustment Factors for Flowlines

For a Flowline:

AdjFactor = CumDA/>CumDA
>CumDA = 12+10+9+6 = 37
>AdjFactor =1

S 9/37=0.24

10/37>08227

Gage DA =12 12/37=0,32

Gage Q =13 L <f

Flowline Flow = 12
QAdj=13-12=1

Figure A-16: Compute Adjustment Factors for NHDHioe features

Gage Adjustment: Compute Adjusted Incremental Flows

2*0.16 +2=2.32

3 2*0.24 + 2 =2.48
/
‘0_5/*0, + 0.5 =0.635
Gage DA = 12 1.5*0.32+ 1.5 = 1.98
Gage Q =13 LG

Flowline Flow = 12
QAdj=13-12=1

Figure A-17: Compute adjusted incremental flows
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Gage Adjustment: Re-Accumulate Flows

Gage DA =12

13
Gage Q =13 - <>/

Flowline Flow = 12
QAdj=13-12=1

Figure A-18: Re-accumulate Flows

Step 6 Calculations

Because Step 5 uses all gages, the flow estimathe gage locations will always match the gagedfl
values. This means that any statistical analyseth@rstep 5 flows compared to gage flows will alsvay
be a “perfect” match. Step 6 is designed to prowédmeasure of how good the gage adjustment flow
estimates are on ungaged NHDNHDFlowline featuréufea. The first step is to sequester (remove) a
random set of gages, typically 20%, and repeatgtge adjustment process using the un-sequestered
gages (i.e., 80%). The EROM QA process is then tsedmpute the QA statistics for the sequestered
gages (i.e. the 20% not used for gage adjustment).

This gage sequestration step is performed ondbessults are a “snapshot” for potential benefitdhe
gage adjustment step. The gage sequestration beuypdrformed multiple times, each time sequegjerin
a different random set of gages. Averaging ther€sllts over these multiple runs would be a refiegim
of this QA process.

Some Observations:

1. Taken together, Steps 1 and 2 are designed todadhe best consideration of the water balance
components that is feasible on a national scale.

2. Step 3, the Reference Gage Regression adjustrakas into account factors not incorporated in
the water balance, such as broad regional-scaledveater effects.

3. Step 4, the PlusFlowAR adjustment, has great patetot be able to take any water use factors
into account, including groundwater, drinking watsithdrawals, sewerage discharges, and
irrigation into account.

4. Step 5, Gage Adjustment, implicitly takes into aguoany factors not covered in the first four
steps, such as consumptive use and flow augmemdatiot accounted for the PlusFlowAR tables.
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EROM Flow Estimation QAQC

Each run of the QA module produces two outputabalar report and QA files. The tabular report come
up on the screen and is saved as EROMQA_0001.ptieilsROMEXtension folder. The format for the
QA files is described below.

EROM computes estimates for mean annual (MA) aedielve mean monthly (MM) flows. The QA
report shows the results for all of these flows Hiate is one QA file for each of the thirteen flow

The EROM tabular report is saved to the EROMExtEm$blder as EROMQA_0001.pdf.
The EROM QA files are saved to the EROMExtensiddébas EROMQA _nn0001.DBF, where nn=
“MA” for mean annual, “01” for January, etc.

Summary of the Flow values computed in EROM

Six flow values are computed in EROM, listed a®A-tbelow:

A. Cumulative runoff based on the runoff grids.

B. The application of the Excess ET step to theuwdative runoff.

C. The flow adjustments based on the Reference Gagession.

D. The application of PlusFlowAR flow additions amanovals.

E. Gage adjustment, in which the flows at the gemygs a distance upstream from the gage are
adjusted to match the gage flow. Statistics ofateuracy of this step are not possible because the
gage adjustment is performed at every gage; the galjustment values will always be a
“perfect” match to the gage flows.

F. The gage adjustment performed with a randonéctexd proportion of the gages removed
(typically 20%); this process is referred to asegagquestering. The gage sequestering provides a
means to estimate the accuracy of the flows ditegage adjustment step. Ideally the gage
sequestration should be run multiple times to gled best estimate of the effects of the gage
adjustment step, but this is currently not feasiideause of the long run times for EROM.

See the EROM documentation for more details orctimeputation of these flow values.

Contents of the QA report

The QA report contains comparisons of the EROM flestimates and the observed gage flows. Two
statistics are used for measuring how well theedéffit flow estimates performed in relation to thgey
flows:
1. The Logl0 mean flow at the gage as compared thabe0 of the EROM mean flow estimate.
2. The Standard Error of the Estimate (SEE) in percBtof the flow estimates will be within one
SEE.

There are four tables included in the EROM QA ré&por
Table 1 reports statistics for all gages for flodyd3, C, and D described above.
Table 2 reports the statistics for only the semqrestgages for flow value F.
Table 3 reports the statistics for only the Refeeegages.
Table 4 presents the statistics used in the Refer@age regression step (flow value C); these
values are the log-log regression coefficienfs,aRd the Standard Error of the regression. These
statistics are computed in the EROM Module and déwdéhe EROM output table.
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The third page of the QA report provides documéartanf the content of the report.

The best EROM flow and velocity estimates are tlagegadjusted values: QO001lE and VOOOLE,
respectively in the EROM_nn0001.DBF table. Tablef 2he EROM QA report provides an estimate of
how good these flow estimates are as comparedg® fiaws. For “natural” flows and velocities, thesb
estimates are the Reference Gage Regression vaR@301C and V0001C, respectively, in the
EROM_nn0001.DBF table. The “RefGage Reg” colummeatumn 3 of the EROM QA Report provides
an estimate of how good these flow estimates acempared to gage flows.

Below is an example of Page 1 of the QA Report:

EROM QA Report For: VEOD = 01 Eunid = 0001

ETFRACTL = 0.3 ETFRACTZ = 0.5

Gage Seguestration Proportiom = 0.2

See Page 3 for a brief explanation of the walues in the tables.

H = Humber of Gages
Obar = Logll Hean Flow (cfs)
SEE = Standard Error of the Estimate in percent;
273 of the Flow Estimates will have srrors that are within on= SEE

Table 1: Statistics For All Gages:

Gage Bunoff Excess ET RefGage BReg PlusFlowAR
Period " Qb=x Qbar SEE QObar SEE Obar SEE [a)-1-C 2 SEE
MA | 256 | 2.3011 | 2.2735 | 15.367 | 2.2795 | 15.367 | 2.3073 | 14.810 | 2.3060 | 12.761 |
JEN | 260 | 2.2752 | L.E%02 | 121.2% | 1.8302 | 121.29 | 2.2322 | 4B.279 | 2.2308 | 47.403
FEE | 260 | 2.2869 | l.6464 | 320.22 | 1.6464 | 320.22 | 2.2025 | 84.006 | 2.2008 | 83.332 |
MAR | 260 | 2.49864 | 1.9147 | 35%0.84 | 1.9147 | 330.64 | 2.5986 | 1B2.52 | 2.5965 | l8z.z20 |
AFR | 260 | 2.6149% | 2.5263 | 71.35% | 2.5263 | 71.359 | 2.5263 | 71.359 | 2.5259 | T1.048 |
MAY | 260 | 2.43B3 | 2.6257 | 5EB.679 | 2.589% | 51.097 | 2.508L | 3T7.B31 | 2.5074 | 37.343
JUH | 260 | 2.2143 | 2.4033 | 67.B28 | 2.3313 | 59.410 | 2.1689 | S5L.461 | 2.1645 | 53.37%
JUL | 260 | 1.9492 | 2.1458 | 65.352 | 2.0367 | 57.119 | 1.8862 | 54.919 | 1.8795 | E0.596
ADE | 260 | 1.B777 | 1.9503 | 52.311 | 1.912% | 53.07% | 1.7905 | 57.283 | 1.7843 | €2.8%50 |
SEP | 260 | 1.B822 | 1.9152 | 62.293 | 1.9150 | €2.228 | 1L.7963 | 62.947 | 1.7898 | €B8.559
acT | 257 | 2.1223 | 2.1952 | 3E.987 | 2.1952 | 38.964 | 2.0879 | 34.208 | 2.0852 | 33.311
HOV | 257 | 2.2506 | 2.3639 | 36.B47 | 2.3699 | 36.847 | 2.2032 | 24.975 | 2.2%20 | 23.27%
DEC | 257 | 2.3130 | 2.1743 | 46.948 | 2.1743 | 46.948 | 2.3320 | 37.084 | 2.3311 | 36.097 |
Table 2: Statistics For Segquestered Gages:
Gage Seq. Fages
Period " Qb=x Qbar SEE
MA | 52 | 2.279% | 2.2636 | 11.311 |
JAN | 52 | 2.3123 | 2.2972 | 40.513 |
FEE | 52 | 2.2930 | 2.2451 | T0.278 |
MAR | 52 | 2.5520 | 2.6129 | 343.24 |
AFR | 52 | 2.6603 | 2.6257 | T2.363 |
MARY | 532 | 2.3560 | 2.4009% | 29.381 |
JUH | 52 | 2.1144 | 2.0429 | S50.387 |
JUL | 52 | 2.1686 | 2.1561 | 51.678 |
ADE | 52 | 1.9311 | 1.9037 | 52.16€0 |
SEP | 52 | 1.6353 | 1.5561 | &L.056 |
acr | 52 | 1.59567 | 1.9024 | 38.078 |
HOWw | 52 | 2.0850 | 2.1220 | 26.202 |
DEC | 52 | 2.43993 | 2.5030 | 21.735 |
Page 1

Figure A-19: EROM QA Report, Page 1.

In the example report in figure A-19, note how teérence gage regression can improve the EROM
flow estimates as compared to the runoff flow eates. As compared to the runoff statistics, the
reference gage regression statistics show thatotii®d mean values are often much closer to the gage
logl0 mean, and the SEE in some cases is reducatbtg/than half. The following section on the QA
file will illustrate what happens in the referengage regression to make these improvements in flow
estimates.
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The EROM-Gage QA file
The file is saved in the EROMEXxtension folder, ndrB@ROMQA_nn0001.DBF.

The file can be loaded into ArcGIS or Excel. lespecially useful to load the file into Excel, osimilar
spreadsheet package for use in graphing the results

The file layout is designed to facilitate graphieald statistical analyses. All data values areste§lufor
the bottom of the NHDFlowline feature. The fileg aorted by GageRef so that all of the referengega
are at the top of the file; this is useful for ssatho want to look at graphs or additional statssfor only

the reference gages.

Field Name Description Format
ComlID Common identifier of an NHDFlowline | Long Integer
feature
Gageid The NWIS gageid Text(16)
GageRef Text field: “Ref” = Falcone Reference | Char(3)
Gage. Blank = not Reference gage.
DivDASgKm The NHDPIlusV2 divergence-routed Num(14,3)
drainage area at the bottom of the
flowline.(SqKm)
QE The Gage Flow (cfs) Num(14,3)
QA Cumulative runoff (cfs) Num(14,3)
QB Q A — Excess ET (EET) (cfs) Num(14,3)
QC Q_A - EET +/- Refgage Regression Num(14,3)
Adjustment
QD Q_A - EET +/ Refgage Regression Num(14,3)
Adjustment +/- PlusFlowAR (cfs)
Q_Eunitro Q_E / DivDASgKm Num(14,3)
Q_Aunitro Q_A/DivDASgKm Num(14,3)
Q_Bunitro Q B/ DivDASgKm Num(14,3)
Q_Cunitro Q C/DivDASgKm Num(14,3)
Q_Dunitro Q_D / DivDASgKm Num(14,3)
Q_Adelta QE-QA Num(14,3)
Q_Bdelta QE-QB Num(14,3)
Q_Cdelta QE-QC Num(14,3)
Q_Ddelta QE-QD Num(14,3)
Q _Aurodelt Q_Eunitro — Q_Aunitro Num(14,3)
Q_Burodelt Q_Eunitro — Q Bunitro Num(14,3)
Q_Curodelt Q_Eunitro — Q_Cunitro Num(14,3)
Q_Durodelt Q_Eunitro — Q_Dunitro Num(14,3)

Figure A-20 contains a sample of the QA file, wiie Q_E, Q_A, and Q_C columns highlighted. It is

then a simple matter to produce a graph of gagesfieersus EROM flows. An example of this graph is
shown below the QA file example.
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B3 Microsoft Excel - EROMOAMADDD1_09.xls

(E] Ele Edit Wew Insert Format Tools Data Window Help  Adohe POF Type aquestion farhelp o2 & X
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L1 |Comid Gageid Gag DivDASgKm QE QA aB Bec Qb Q_Eunitro Q_Aunitrao |2 Bunitra 1Q_Cu
| 2| 14289214 'EISUSYZEI_EI Ref 1731.084 30773 36.872 36.872 B4.638 64.633 0.017 0.021 0.021]
pea| 5639413 T5061000 Ref §17.103 97.240 41.539 41,538, 72158 72.158 0119 0.050! 0.050
|4 | BARAI0TS fi5061500 Ref 1191.332 G 34625 34625 B0.991 60.991 0.060 0.028 0.029
| 5 | bBBE8853 5062000 Ref 24B5.694 191.538 59.097 89.097 145.997 145.997 0.077 0.036! 0.036
| B | 702738 Ts062500 Ref 2405.448 255756 161.018 161.018 252173 252173 0106 0.088 0.086
L7 | 14144065 T]EDEABD_D Ref 395.394 11.833 6594 8594 16.841 16.841 0.029 0.021 002
18 7089743 D50a7500 Ref 643.643 52.917 15,503 15.6503] 29.038 29.038 0.082 0.024 0.024
| 9| 14156742 5123400 Ref 3003.594 56,475 76,130 76.130 126.260 126.260 0.018 0.025 0.025
Lla | 7140308 f5129115 Ref 2343 045 B36.335 476,454 476 454 B86. 767 B56.767 0.271 0.202 0.202
LA 7174272 T]_EWSDEDD Ref ! 482.303 129.081 101.546 101 545 164.741 164741 0.267 0.210 0.210
12 7z 5131500 Ref 4352.41 1117.981 T56.606 756.608 1052680 1052.680 0.255 0.172 0.172
| 15 22237092 5132000 Ref| 35850.565 796,220 B02.550 B02.550] 853.064 853.064 0.205 0.155) 0.155
| 14| BERTE4S fisn51522 - | 10713.068 772 B56 414,304 414.304 B03.602 B03.602 0.072 0038 0.0358,
18] 7040857 'EISEI?EIDEI_EI el 13822916 1456510 890.385 890.385 1223477 1223477 0105 0.084 0.054
|16 7085107 5112000 3905.556 341.743 198597 198.557 306.076 306.076 0.087 0.0507 0.050
L17 | BRSE31E fi5046000 e | 4537791 454 751 251721 251.721 3B0.980 3B0.980 0.100 0.055 0055
| 18 |909020730 'EISEIS_EIDEI_EI ]| 3264.912 122.575 86.149 86.143 141.530 141.530 0.037 0.026: 0.026
|19 14145053 Ts0eE500 3091.108 129.931 71.343 71343 118.910 118.810 0.042 0.023 0.023
|20 9395232 fisna2500 | 53992451 4115.231 2393196 2393196 3048.972 3048972 0.064 0037, 0.037
21| 7164036D5133500 o | 50090.596 13443.938 10325,331 10395.331 11636.569 11836.569 0.268 0.207 0.207
| 22| 14425746 5029000 545920 23.556 11.470 11.470! 21.986 21.986 0.043 0.021 0.021
| 23| 14416871 T]EWDDDD_D e | B233.175 320529 216 842 216 642 331955 3318955 0.038 0.026 0026,
|24 7027319 5064000 - | 4091.494 3B9.141 210.608 210.808] 323416 323416 0.095 0.051 0051
25| 7047623 Ts076000 2515.450 236,624 106.059 108.058 171.480 171.490 0.0%3 0.042 0.042
| 26| 7095257 ﬁ512750_0 o | 3891.965 1425386 945,705 945.705; 1293.516 1293516 0.366 0.242 0.242
27| 7077622 T]_EDQQDDD -— | TER74 357 A706.305 2h56 541 2656 541 3357 562 3367 562 0.062 0.035 0.035
| 28| 7053799 Ts07as00 3474648 379432 206.463 206.488 317.263 317283 0109 0.058 0.052
| 29| 14416271 5099600 8045.704 234513 212676 212676 326.061 326.061 0.029 0.026/ 0.026
Lan| 7111641 fi5127000 = | 3401.366 1079703 44 957 844 967 1165727 1165.727 0.317 0.248 0.248
{91 14254847 De059700 ol 2151.863 BE.517 50559 50,509 86,580 85.580 0.030 0.023 0.023
| 32| 9399094 5069000 1208.435 96.222 45,625 46,625 80.251 80.251 0.0 0.038 0.033
| 33| BRFA032 fi5053000 e | 5106.385 130.371 120 306 120.306 192 662 192.662 0.025 0.023 0023
| 34| BEG7EEF 'DSDSADD_D | 16802.274 955,303 559,766 559.766! T96.970 796.270 0.086 0.033, 0.033
| 35| 7086793 5104500 1108.518 128.504 BO.977 B0.977 102.860 102.860 0115 0.055, 0.055
|36 | 7055705 fis075000 | 5963647 B86.405 529787 528 767 757469 757 469 0115 0.088 0.088
| 37 | 14294036 Ta056400 - | 3566.912 B6.348 73473 73.473 122184 122184 0.018 0.020] 0.020
| 38 |909020572 Ts0e0500 263.101 15.989 B.321 6.321 12,682 12.682 0.080 0.024 0.024
| 39| 7053809 ﬁED?BDD_D e | 1445835 182.243 94.740 94.740 154.516 154.516 0126 0.085 0.065
4o 7056261 5078230 - | B86.955 77692 42973 42973 74.4568 74.456 0113 0.062° 0062
| 41| 14428870 Ts090000 1758.542 E2.101 37,298 37.298 B5.327 B5.327 0.038 0.021 0.021
| 42| 14275455 fis054500 974717 14.931 20,079 20078 36.674 36.874 0.015 0.020! 0.020
|43 | 7086347 T]_EWD?EDD - | 2812.438 282935 164.744 164.744 257 557 267 657 0100 0.058 0.058
Ld44) 7043255 Ts074500 | 8045877 506,237 481.530 481.530 B93.520 B93.520 0.100 0.025 0.095
45 i
W 4 v mf Chartl (2) £ chartl % FROMQAMADDDL_09 / 3 ]
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Figure A-20: EROM QA File Example

The graph in Figure A-21 shows gage flows on trexis-and EROM flow estimates for runoff and the
reference gage regression on the y-axis. The gmphlog-log coordinates to best show the range of
flows. The blue triangles are the runoff flow esttes and the orange squares are the flows adjwitted
the reference gage regression. The red line iseMiergage and EROM flows would be equal. Note how
the runoff estimates consistently under-estimate tthe (gage) flows. The reference gage regression
shifts the flows up to better match the gage flows.
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Figure A-21: QA Graph
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Vogel Mean Annual Flow Estimation Extension

Mean annual flow estimates for the Continental ébhitStates (Hydrologic Regions 01 to 18) are
computed based on the work of Vogel et al., 1998s Thethod uses a log-log regression approach based
on drainage area, precipitation, and temperatuta dmsing mean annual flow values from the
HydroClimatic Data Network (HCDN) of gages. Thesges are defined as minimally affected by human
activities, such as major reservoirs, intakes, mndation withdrawals. Therefore, the “Vogel” mean
annual flow estimates are most representative afufal” flow conditions. Regression parameters are
provided for each Hydrologic Region. With this nwdh the mean annual flow for a NHDFlowline
feature is computed as:

MAFlowV = e** CUmAREA’ * AreaWtMAF* * AreaWtMAT® * BCF * 35.31467

where
a, b, ¢, and d are Hydrologic Region-specific regian coefficients,
BCF = Bias Correction Factor by Hydrologic Region,
CumAREA = Divergence-routed cumulative area,
AreaWtMAP = Area-weighted mean annual precipitation
AreaWtMAT = Area-weighted mean annual temperatanel,
35.31467 = conversion factor from cubic metersseeond to cubic feet per second

The BCF is needed because the regression is ito¢gpgpace. In addition, the Vogel flow estimates ar
valid only within the ranges of the original datsed for computing the regressions. The regression
coefficients, BCFs, and valid drainage area ratigethe Vogel Flow estimates are shown in Figure A-
22". For cumulative drainage areas that fall outsidéhese ranges, the Vogel flows and velocitiessate

to missing values (-9999) in the distributed data.
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Hydrologic a B C d BCF AreaMin (Sg. Km AreaMax (Sq.

region Km.)

RO1 -9.4301 1.01238 1.21308 -0.5118 1.004042 5.179976221 14672.28265
R02 -2.707 0.97938 1.6251 -2.051 1.007174 2.589P881 29940.26256
R0O3 -10.102 0.98445 2.2599 -1.607 1.014347 12.99804 44547.7955
R0O4 -5.678 0.96519 2.2889 -2.3191 1.012719 72.510%6 5982.872535
RO5 -4.891 0.99319 2.32521 -2.5093 1.007174 2.580D8 74164.30954
R06 -8.82 0.96418 1.3581 -0.7476 1.009752 12.948040 6622.599598
RO7 -11.861 1.00209 4.5596 -3.8984 1.009752 9378%9h 308208.5851
R08 0 0.98399 3.157 -4.1898 1.011187 132.0893936 83.026566
R09 0 0.81629 6.4222 -7.6551 1.062826 51.79976221 675722307
R10 -10.927 0.89405 3.2 -2.4524 1.156028 10.3599524 53491.02444
R11 -18.627 0.96494 3.8152 -1.9665 1.044031 62 148y 46236.46775
R12 0 0.84712 3.8336 -4.7145 1.146124 85.46960764 01032.8462
R13 0 0.77247 1.9636 -2.8284 1.122542 28.48986921 520258431
R14 -9.856 0.98744 2.469 -1.8771 1.08462 90.649%838 116160.9667|
R15 0 0.8663 2.5065 -3.427 1.286895 23.30989299 34688492
R16 0 0.83708 2.1672 -3.0535 1.118034 18.12991677 2975.84043
R17 -10.18 1.00269 1.86412 -1.1579 1.059481 200480 35094.3389
R18 -8.438 0.97398 1.99863 -1.5319 1.109234 15580 8062.632987

Figure A-22: Vogel Flow Values by Hydrologic Reg?on

The area-weighted MAP and MAT values come from RRI&sed grids that are allocated and
accumulated using the CA3T tool. The results areedtin the VPUAttributeExtension directory, named
CumbDivPrecipMA CumDivTempMA, respectively. Cumulati Divergence-routed area comes from the
CumulativeArea table in the NHDPIlusAtributes fold@he MAP and MAT values are computed by
dividing the CA3T accumulated values by the Diveiggerouted cumulative area.

The “Vogel” based flow and, therefore, velocity iesttes depend upon estimates for mean annual
precipitation and temperature, as well as drairsge. It is possible that drainage area, precipitabr
temperature data is unavailable in some casemdtance where there is drainage entering from @ana
or Mexico. The accumulation tool, CA3T, keeps tratK'missing” data. If the percentage of missing
temperature or precipitation data is greater thaequal to 25 percent of the total drainage area, t
Vogel-based flow and velocity estimates are assignissing values of -9999.

® Figure A-22 contains published and unpublishedenetfrom Vogel (2005). The information in columBEF,
AreaMin, and AreaMax is unpublished and was suppe Vogel through e-mail and telephone communiceto
Timothy R. Bondelid, Consulting Engineer.
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Velocity Extension

Velocities are estimated for Vogel and EROM meanuah and EROM mean monthly flows using the
work of Jobson (1996). This method uses regresgiayses on hydraulic variables for over 980 tirfie-0
travel studies, which represent about 90 differetrs in the U.S. These rivers represent a rafigezes,
slopes, and channel geometries. Four principal NBeDIhe feature variables are used in the Jobson
methods: drainage area, NHDFlowline feature slapegn annual flow, and the flow associated with the
velocity (e.g., mean annual or mean monthly floR@sed on his analyses, regression equations were
developed to relate velocity (meters/second) toindge area, a dimensionless drainage area,
NHDFlowline feature slope, flow, and a dimensiosleslative flow.

Note that replication of the velocities using dedtues in the EROM or Vogel tables may not prodhee
exact velocities in the table due to round-offhie t/alues in the table. This can occur becausediogity
calculations were calculated using double-precisiatues in the code that generated the velocity
estimates.

The slope smoothing process does not permit zeqpeslon NHDFlowline features. If the elevation
smoothing produces a zero slope, the slope isosatvialue of 0.00001. There are situations whege th
slope is set to “missing” (-9998), in which case tlobson “Unknown-Slope” method is used for the
velocity calculation. See Step 22 (Elevation Smigthfor a description of when these missing slopes
occur. For all NHDFlowline features with a slop&lacities are calculated using the Jobson “slope”
method.

The equations for the velocity estimates are ptesdpelow:
The dimensionless relative discharge J@Jobson, 1996) is expressed as
Q=Q/Q
where
Q = flow (cubic meters/second), and
. = mean annual flow.
The dimensionless drainage areaj[Qldobson, 1996) is expressed as
D’a= (Da*** g")/Qa
where
D, = drainage area (square meters),
g = acceleration of gravity (9.8 meters/secorat/sd), and
Q. = mean annual flow (cubic meters/second).
The “Slope” method NHDFlowline feature velocity edion (Jobson, 1996) is:
Vel = 0.094 + (0.0143 * (R**Y * (Q’,%**) * (slope™**) * (Q/Dy)).

The “Unknown-Slope” NHDFlowline feature velocityeafion (Jobson, 1996) is:
Vel = 0.02 + (0.051 * D2¥1+ Q' ;%% (Q/Dy))
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Conversion of velocity from mps to fps:

Vel = Vel * 3.2808

Guidelines and Caveats for Using the Velocities andomputing Time-of-Travel

The Jobson method for estimating velocities is appate for estimating Time-of-Travel (ToT),
especially because the Jobson work was developestfionating ToT. Below are some key
caveats and considerations to take into accounhwhing the velocities and estimating ToT:

1.

2.

The velocities are appropriate for flowing watdfgen though velocity estimates are
provided for all networked flowlines, they are agipropriate for waterbodies such as
lakes, reservoirs, wetlands and estuaries. Vesscénd ToT calculations should not be
used for these open waters.

All EROM and Vogel flow estimates have associatelbeity estimates. In general, ToT
calculations should use the major paths of divezgemecause the minor paths are
treated as “start” reaches, with a correspondimgflow and smaller velocity estimate.
One method for ToT calculations is to use the démgart of the network by using
flowlines where the VAA.StreamOrde = VAA.StreamCalc

Because there are now several flow estimates (Mogaeh annual, EROM mean annual
and mean monthly) and the above caveats, the BWwiRE€VAA.TravTime and
PlusFlowlineVAA.PathTime values are not populated there are no current plans to
populate them.
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Appendix B: National Hydrography Dataset (NHD) Snapshot
Feature Class and Table Descriptions

The data contained in the \NHDSnapshot folderésvigrsion of NHD data used to build NHDPIlus. Only

the NHD features classes and tables of importancBlHDPIlusV2 are described here.

documentation on these and other NHD componentsoadgyund on:http://nhd.usgs.gov/

Some fields in the attribute tables contain speamded values as follows:

The value “-9998” signifies that the applicableugfor the field is missing or undetermined.
The value “-9999” signifies that there is no apglite value and one will never be assigned.

\NHDSnapshot\Hydrography\NHDFlowline (line feature

Description: NHD linear features of types: stream/river, calitdh, pipeline, artificial path, coastline,

and connector.

class)

Field Name Description Format
ComlD Common identifier of the NHD featt Long Intege
FDate Feature Currency De Date
Resolutiol NHD db resolution (i.€*high”, “medium” or “local”) Character (€
GNIS_ID Geographic Names Information System ID for the @ah Character(1(
GNIS_ Name
GNIS_ Nam Feature Name from the Geographic Names Informa&igten Character(6¢
LengthKM Feature length in kilomete Num(11,3
ReachCod Reach Code assigned to fea Character (1«
FlowDir Flow direction is “With Digitized” or “Uninitialize” Character (1«
Only flowlines with FlowDir = “With Digitized” araised to
define the surface water network used in NHDPWi.other
flowlines are ignored by NHDPIus.
WBAreaComl | ComlD of the NHD polygonal water feature through whict Long Intege
NHD “Artificial Path” flowline flows
FType NHD Feature Typ Character (3:
FCode Numeric codes for various feature attributethe NHDFCode Num(5
lookup table
Shape_Len Feature length in decimal degr See ESR
documentation
Enablel Always “True” Character (t
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\NHDSnapshot\Hydrography\NHDWaterbody (polygon feat

Description: NHD polygonal features of types: Playa, Ice MdsskePond, Reservoir, SwampMarsh,

and Estuary.

ure class)

Field Name | Description Format
ComlD Common identifier of the NHD Waterbody feat Long Intege
FDate Feature Currency D¢ Date
Resolutior NHD db resolution (i.e. “high”, “medium” or “loca) Character (¢
GNIS_ID Geographic Names Information System ID for the @ah Character(1(
GNIS Name
GNIS_Name | Feature Name from the Geographic Names Informa&iien Character (6¢
AreaSgKn Feature area in square kilome Num(11,3
Elevation Feature elevation in fe Num(10,3
ReachCod Reach Code assigned to fea Character (1«
FType NHD Feature Typ Character (3:
FCode Numeric code for various feature attributes; définis for code: Num(5]
found in the NHDFCode lookup table
ShapelLen¢ | Feature length in decimal degr See ESR
documentation
Shape_Arei | Feature area in square decimal de¢ See ESR
documentation
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\NHDSnapshot\Hydrography\NHDArea (polygon feature ¢ lass)

Description: NHD polygonal features of types: Area to be Sulgedr Bayinlet, Bridge, CanalDitch,
DamWeir, Flume, Foreshore, Hazard Zone, Lock Chayribandation Area, Rapids, SeaOcean, Special
Use Zone, Spillway, StreamRiver, Submerged Stréiash, Water IntakeOutflow, and Area of Complex

Channels.

Field Name Description Format
ComlD Common identifier of the NHD area feat Long Intege
FDate Feature Currency D¢ Date
Resolutior NHD db resolution (i.e. “high”, “medium” or “loca) Character (€
GNIS_ID Geographic Names Information System ID forvalue in Character(1(
GNIS_Name
GNIS_Name | Feature Name from the Geographic Names Informa&igien Character 6
AreaSgKm Feature area in square kilome Num(11,3
Elevation Feature elevation in fe Num(9,3
FType NHD Feature Typ Character (2)
FCode Numeric codes for various feature attributes; dedins for code: Num(5]
found in the NHDFCode lookup table
Shape_Len( | Feature length in decimal degr See ESR
documentation
Shape_Arei | Feature area in square decimal de¢ See ESR
documentation
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\NHDSnapshot\NHDFCode (Table)

Description: The FCode table describes attribute codes ust iRCode fields of feature tables.

Field Name | Description Format
FCode A numeric code that represents the feature typeiflencode Long Intege
attribute values
Descriptio Text description of feature type and the encodgibate: Character (25!
CanalDitch | Canal Ditch Typeaqueduct, unspecifie Character (3:
Constructi Construction materiaearthen, nonearthen, unspecif Charater (32
Hydrograph | Intermittent or perenni Character (3:
Inundation Inundation Area Typedebris basin, dewatering area, duck pc | Character (3:
general case, percolation basin, retarding basin)
Operatione Operational Statusabandoned, operonal, under constructic Character (3:
PipelineTy Pipeline type aqueduct, general case, penstock, sig Character (3:
Positional Positional accuracyapproximate, definite, indefinite, n Character (3:
applicable)
Relationst Relationship tourface abovewater, at or near, elevat Character (3:
underground, underwater, unspecified)
ReservoirT | Reservoir typeaquaculture, decorative pool, disp«-tailings Character (3:
pond, disposal-unspecified, evaporator, swimmingj,po
treatment-cooling pond, treatment-filtration potvdatment-
settling pond, treatment-sewage treatment ponghaaifeed water
storage)
Stage Elevation stage (Normal Pool, Flood Elevation, Aage Wate Character (3:
Elevation, Date of Photography, High Water Eleuati8pillway
Elevation)
SpecialUse | Special use category (dump site, spoil ¢ Character (3:
KCode Character (3(
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\NHDSnapshot\NHDReachCrossReference (Table)

Description: The NHDReachCrossReference table is used to tfzakges to Reachcodes and NHD
Reach configuration. As distributed with NHDPItiss table tracks only Reachcodes assigned to

Medium Resolution (1:100,000) NHD. This table b&nused to track the changes between NHDPIlusV1

to NHDPIlusV2.

Field Name Description Format
OldReaclICode Old Reachcoc Character(1«
OldReachDal Date OldReachcode was assic Date
NewReachCoc | New Reachcoc Character(1¢
NewReachDa Date NewReachcode was assic Date
OldUpMi No longer usel Character(t
NewUpMi No longer usel Character(t
ChéengeCod A: New Reach was add Character(¢

D: Old Reach was deleted

1-1: Old Reach became one new Reach

1-P: Old Reach became part of new Reach

P-1: Part of old Reach became new Reach

P-P: Part of old Reach became part of new React)(r
Proces Abreviation of process which changed the Rea Character(t
ReachFileVersic | NHD Versior Chaiacter (1()
OldHUCode Old HUCE Character ()
NewHUCod:r New HUC¢ Character ()
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Appendix C: National Elevation Dataset (NED) Snapshot
Raster and Table Descriptions

The NED snapshot resides in the \NEDSnapshot sidfalf the NHDPIlusV2 VPU workspace. The data
contained in the \NEDSnapshot folder is the NECadhat was used to build NHDPlusV2 for the VPU
workspace.

Additional documentation about the National ElematDataset may be found omnttp://ned.usgs.gov/
The data used were the l-arc-second resolution NBB.NED data are updated on a bimonthly basis,
and because the NHDPIusV2 production process ttzmemver a period of many months, more than one
snapshot of NED data were used. The source NEDshnaplate is identified in the metadata for each
NHDPIlusV2 VPU.

Data for Mexico were included in the NED.

Elevation data for Canadian areas is from the Qandgigital Elevation Data, Level 1 (CDED1). These
data generally were derived from 1:50,000-scaledogphic maps and sampled at a 0.75-arc-second
resolution. The data were downloaded from the wdtitp://www.geobase.ca/Each file was in DEM
format.

Both the NED and CDED1 data were provided as tilathsets in rectangular tiles. Automated processes
were developed to clip the desired areas from datd tile, merge the pieces together, check forfiind
any gaps in the data, and finally to project thada the Albers Equal-area map projection and edro

an integer grid with elevations in centimeters.haded relief grid then was generated.

\NEDSnapshot\elev cm (grid)

Description: An ESRI integer grid dataset that gives the elematn centimeters (from the North
American Vertical Datum of 1988). This grid holdte source elevation data used to build NHDPIus.
This grid is an integer grid, with vertical unité eentimeters, on the Albers Equal-area map prigject
This grid is_not hydro-enforced.

Field Name | Description Format
Value Elevation in centimete See ESR
documentation
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\NEDSnapshot\shdrelief (grid)

Description: An ESRI integer grid dataset that contains thelstiaelief generated from elev_cm.

Field Name | Description Format

Value 0-254 See ESR
documentation

Coun Number of cells with the same value in Ve Long Intege
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Appendix D: Watershed Boundary Dataset (WBD) Snapshot
Feature Class and Table Descriptions

The WBD snhapshot resides in the \WBDSnapshot sdéfabf the NHDPlusV2 VPU workspace. The
data contained in the \WBDSnapshot folder is theDMEata used to build NHDPlusV2 for the VPU
workspace. As NHDPIlusV2 was build for each VP4 thost recent WBD snapshot was acquired from
the Watershed Boundary Dataset website locatatmat/www.nrcd.usda.gov

\WBDSnapshot\WBD\WBD _SubWatershed (polygon feature  class)

Description: Boundaries of 12-digit Hydrologic Units.

Additional documentation about the Watershed BoonBataset may be found at:
http://www.nrcs.usda.gov/wps/portal/nrcs/detailioradl/water/watersheds/dataset/?&cid=nrcs143 02161
6

Field Name Description Format

HUC ¢ 8-digit Hydrologic Unit Cod Char(8

HUC_10 1C-digit Hydrologic Unit Cod Char(10
HUC 12 12-digit Hydrologic Unit Cod Char(12
Acres Size of 1-digit HUC Num(, |
NContrib_A Non-contributing area in X-digit HUC Num(, |
HU 10 GNIS | 1C-digit HUC GNIS nam Char(23
HU 12 GNIS | 12-digit HUC GNIS nam Char(23
HU_ 10 D¢ Downstream 1-digit HUC Char(10
HU_10 Nam | 1C-digit HUC nam: Char(80

HU_10_Moc Identifies interbasin trisfers (IT), dams at outlet (DM), etc. tt | Char(20
modify natural overland flow as modifications adentified
from most significant to least significant modifiicen(s).
Hydrologic units with no modification are markedthvNM.

SC - Stormwater Canal or Drainage Canal

ID - Irrigation Ditch

IT - Interbasin Transfer

BC - Barge Canal or Navigation Canal

SD - Stormwater Ditch

PD - Pipe Diversion

CD - Channel Diversion

NC - Noncontributing Area

KA - Karst

LE - Levee

NM - No Modifications

OC - Overflow Channel or Flume

DM - Dam at outlet or HU boundary

GC - General Canal/Ditch

PS - Pumping Station

DD - Drainage Ditch

Sl - Siphon
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AD - Aqueduc

RS - Reservoir

TF - Transportation Feature (road, railradmt;ks etc.)
GF - Ground-Water Flow

MA - Mining Activity

UA - Urban Area

GL - Glacier

IF - Ice Field

OF - Overbank Flow

OT - Other

HU_10_Typt

The hydroloic unit type that most closely identifies t
watershed.

S - "Standard" hydrologic unit - Any land Hith drainage
flowing to a single outlet point, excluding non-tdiputing
areas. This includes areas or small triangular esdgtween
adjacent HU's that remain after classic hydrolagits are
delineated. Some examples include "true", "cldssic
"composite”, and "remnant" hydrologic units.

C - "Closed Basin" hydrologic unit - A drageaarea that is
100% non-contributing. This means all surface fiswnternal,
no overland flow leaves the hydrologic unit throdlgla outlet
point.

F - "Frontal" hydrologic unit - Areas alortgetcoastline of
lakes, oceans, bays, etc. that have more thanuitet. oThese
HU's are predominantly land with some water ar¢as near
the outlet(s).

M - “Multiple Outlet” hydrologic unit An arethat has more
than one natural outlet; for example, an outleaited on a
stream with multiple channels. This does not inelfrdntal or
water hydrologic units, hydrologic units with aigifl interbasin
transfers, drainage outlets through karst or grematkr flow, or
outlets that cross a stream with an island. Thileahould be
used only in rare instances.

W - "Water" hydrologic unit - Hydrologic usithat are
predominantly water with adjacent land areas, ake |
easturies, harbors.

| - "Island" hydrologic unit - A hydrologicnit that is one or
more islands and adjacent water out to the toke$hore face.

U - "Unclassified" hydrologic unit - A hydmagic unit that
can't be defined or doesn't fit into one of theeg/that have beg
listed.

Char(1

=]

HU_12_D¢

Downstream 1-digit HUC

Char(10

HU 12 Nam

12-digit HUC nam:

Char(80

HU 12 Moc

Identifies interbasin transfers (I dams at outlet (DM), etc. th
modify natural overland flow as modifications adentified
from most significant to least significant modifiicen(s).
Hydrologic units with no modification are markedthvNM.

SC - Stormwater Canal or Drainage Canal

ID - Irrigation Ditch

IT - Interbasin Transfer

Char(20
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BC - Barge Canal or Navigation Ca
SD - Stormwater Ditch

PD - Pipe Diversion

CD - Channel Diversion

NC - Noncontributing Area

KA - Karst

LE - Levee

NM - No Modifications

OC - Overflow Channel or Flume
DM - Dam at outlet or HU boundary
GC - General Canal/Ditch

PS - Pumping Station

DD - Drainage Ditch

Sl - Siphon

AD - Aqueduct

RS - Reservoir

TF - Transportation Feature (road, railradmtks etc.)
GF - Ground-Water Flow

MA - Mining Activity

UA - Urban Area

GL - Glacier

IF - Ice Field

OF - Overbank Flow

OT - Other

HU_12_Typt

The hydrologic unit tye that most closely identifies ti
watershed.

S - "Standard" hydrologic unit - Any land Hith drainage
flowing to a single outlet point, excluding non-tdiputing
areas. This includes areas or small triangular esdgtween
adjacent HU's that remain after classic hydrolagiits are
delineated. Some examples include "true", "cldssic
"composite”, and "remnant" hydrologic units.

C - "Closed Basin" hydrologic unit - A drageaarea that is
100% non-contributing. This means all surface flewnternal,
no overland flow leaves the hydrologic unit throdbé outlet
point.

F - "Frontal" hydrologic unit - Areas alortgetcoastline of
lakes, oceans, bays, etc. that have more thanudtet. oThese
HU's are predominantly land with some water ar¢as aear
the outlet(s).

M - “Multiple Outlet” hydrologic unit An arethat has more
than one natural outlet; for example, an outleailed on a
stream with multiple channels. This does not inelfrdntal or
water hydrologic units, hydrologic units with aigifl interbasin
transfers, drainage outlets through karst or grematkr flow, or
outlets that cross a stream with an island. Thiechould be
used only in rare instances.

W - "Water" hydrologic unit - Hydrologic usithat are
predominantly water with adjacent land areas, ake,|
easturies, harbors.

| - "Island" hydrologic unit - A hydrologicnit that is one or

Char(1
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more islands and adjacent water out to the toke$hore fac
U - "Unclassified" hydrologic unit - A hydmagic unit that

can't be defined or doesn't fit into one of theey/that have begn
listed.
Meta_|IC Most recent Meta_ID which links to content in WBRtadat | Char(4
State List of states within the -digit HUC Char(20
GloballD Globally Unique Identifie Char(38
GAZ_ID Identifier assigned by NHDPIlus production proc Long Intege
Shape_Len Feature length in decimal degr See ESR
Documentation
Shape_Are Feature area in square decimal deg See ESR
Documentation
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Appendix E: Purpose Code (PurpCode) Values

Sink
PurpCod

OO WNPE

© 0~

10

11

12
BurnAddLine
PurpCod

CN

CT

CcC

CcoO

NO
HR

HT

NH

CH
UF

BA
BW
AC
MB
AV
AP
Ccv

EN

PurpDes

BurnLineEvent network end

BurnLineEvent non-spatial connection
NHDWaterbody Play:

BurnAddWaterbody Play

NHD Waterbody closed lake

WBD Closed HUC12

WBD HUC12 not indicated as closed, but no surfaegewconnection is
seen on maps

BurnAddWaterbody closed lake

Karst sinkhol:

Topographic depressi

Topographic depression (Canada or Mexico)
BurnAddLine end (Mexico)

PurpDes
Feature from Canadian NHN

Feature from Canadian NHN, but trimmed. Not vehldHN feature.

Connection between Canadian NHN and US NHD
Feature omitted from Canadian NHN. Added to enduaenage
connectivity.

Feature omitted from NHD. Added to ensure digéneonnectivity.
Feature from High resolution NHD

Feature from High resolution NHD, but trimmed. N\gtole High
resolution Feature.

Feature from High resolution NHD. In Canada or Mexifrom harmonized
NHD data.

Connection between High Resolution NHD and Mediuesdtution NHD.
High resolution may include harmonized Canada oxittedata.

Feature from Medium Resolution NHD FlowDir=Urniialized

Feature from adjacent VPU, burned to ensure satobroant boundaries
from both VPU's

Line added to breach a wall

Added connectc

Modify burn patl

InterVPU flowline from adjacent VPU

Artificial path in coastal bay

Coastline from adjacent VF

Stream digitized to exit VPU drainage to NoDexéent
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Appendix F: How do Catchment Boundaries differ from WBD
Snapshot Boundaries

A common goal of the NHDPIlus and WBD programs igrtimimize differences, over time, between

catchment boundaries and WBD boundaries. The tidgeis to have NHDPIlusV2 catchments that will

nest within WBD HUC12 areas. This, in turn, wiiable catchment attributes to be aggregated upyto a
HUC level. A particular version of NHDPIlusV2 chigents is built using a snapshot of the WBD and
the nesting will only apply to that particular WBDapshot.

The WBD HUC12 drainage divide lines are incorpatatego the NHDPIusV2 hydro-enforced DEM as
“walls” so that DEM derived flow direction cells.€i the NHDPIlusV2 fdr grid) conform to the WBD.
Catchments for NHDFlowline features and Sink feaduare created using the NHDPIlusV2 fdr grid and,
theoretically, the catchments should conform to YMBD boundaries within the 30-meter grid cell
resolution. In practice, however, catchments arBD/Boundaries are not always that closely aligned.
At present, the catchment boundaries corresponbatveldge lines but small differences are commbn a
the WBD pour points. Below is a list of commonalabnditions that result in differences between the
catchment boundaries and the WBD boundaries.

» Pour point of the catchment is slightly upstreandownstream of the pourpoint of the WBD.
This misalignment between the medium resolution N&tidl the WBD can occur at HUC12
outlets. Here, the segmentation of the NHD doesaiwéys match with the WBD outlets. The
result is a catchment extending into a portiorhefriext downstream or upstream HUC12 (Figure
F-1).

» The 30-meter grid cell resolution can sometimes bieniting factor for spatial correspondence
between the catchments and WBD divides. This iswhen an NHDFlowline feature is within a
grid cell width of a WBD divide. This situation caesult in an NHDFlowline feature breaching
the WBD wall feature in the hydro-enforced DEM. Fhirocessing artifact can cause the
catchment for the NHDFlowline feature to extenddraythe WBD divide. An example of this is
shown in Figure F-2 where the 30-meter cell-sizterization causes a series of NHDFlowline
features to breach nearby WBD wall features.

» Where lake shores are used to define WBD boundg@iesFigure F-3), the NHDPIlus catchments
associated with artificial paths within the lakasll not match the WBD boundary. The NHD
representation is correct since the artificial pegichment features should include contributing
drainage from the surrounding HUC12s.

e In arid areas, some HUC12s may be “empty”, i.e. matycontain any NHDFlowline features or
other water features. If the HUC12 was not idesdifin WBD as a closed basin, the wall between
the HUC12 and the downstream HUC12 was removedngluie NHDPlusV2 production
process. In these cases, the catchments may res alpsely with the HUC12 boundaries. In
Figure F-4A, the example shows two empty HUC12fo#tion of the boundary of each empty
HUC12 is removed from the Wall feature thus hydgatally connecting the empty HUCs to
downstream drainage. In the figure, one empty HEl@ss to the other empty HUC which
drains to the next downstream HUC containing an Rlé@vline feature. The resultant catchment
for the NHDFlowline feature includes the area af tHUC 12 that the feature is within plus the
two upstream empty HUC 12s (Figure F-4B).

» Aric areas present situations where there aretemlslHDFlowline networks within a HUC12,
and a sink is placed at the downstream end of satdted network. Sometimes there is an area
downhill of the sink, within the HUC 12, but wittorflowline to connect the area to an adjacent
HUC12. If the HUC12 is not identified as a closesib in WBD and has a downstream HUC12
identified, a section of the wall was removed dgridHDPIusV2 processing. By removing the
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wall section, the downhill portion of the HUC12 bhs to the downstream HUC12. In these
cases, the areas downhill of the sink will be assiigto a catchment in the downstream HUC12.
Figure F-5 shows a catchment for an NHDWaterbodyafeature (i.e. a sink labeled with a map
id of 1) which includes all of the area for an & empty HUC12 (same scenario as Figure F-4)
and a large portion of another upstream HUC 12 ithatrtially allocated to catchments for an
isolated network.

All NHDFlowline headwater features are trimmed bégka small distance to reduce possible
breaches of ridge lines in the DEM. Further irgetisig conflicts of headwater features with the
WBD drainage divides are then identified and addéi trimming is performed on these
conflicting headwater features. These combinedntiimy actions do not ensure that headwater
flowlines will never breach a WBD divide.

In Figure F-6, a headwater NHDFlowline feature egteinto an adjacent WBD HUC12 in a
manner that appears to contradict what the draisageld be as defined by the WBD. This
situation may represent an error NHD or an erroMBD. Visual review of this example with
high-resolution oblique aerial photos (source: BMaps) suggested that the headwater feature
does extend into the adjacent HUC12 via culvertsppeline features. No additional action was
necessary during the NHDPIlusV2 processing.

HUC12 outlet

Explanation

|:| Watershed Boundary Dataset
(WBD) HUC12 boundary

NHD flowlines

Flowline at outlet of HUC12 that extends
into the next downstream HUC12

Catchment for the flowline that extends
into the next downstream HUC12

Figure F-1: Acatchment extending into a portion of the next detweam HUC12
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30-meter grid cell representation of NHD and WBD

NHD flowline grid cell

. WBD drainage divide grid cell

Overlap of flowline grid cell and WBD grid cell. The flowline
cell gets precedence over the WBD cell in the

hydro-enforced DEM, which causes a gap in the WBD
0 30 Meters walling process.
(S—

Explanation
Watershed Boundary Dataset NHDPIus catchments that extend beyond a WBD divide in error
(WBD) drainage divide ¥
— NHD Flowline 77/ Catchment areas that extend beyond the WBD divide in error
] ;J:ulil]gi'u; catchment - e Adjacent catchments affected by the catchments that breach the

WBD divide. (these catchments should extend to the WBD divide)

Figure F-2: 30m Grid Cell Representation of NHR aMBD

164




Mono Lake

o
N

L

Explanation

Mono Lake HUC12 —— WBD drainage divides used as "walls’ | NHDPIus catchment boundary
in the hydro-enforcement process .
Mono Lake Catchment areas for the artificial path
==== WBD HUC12 boundary that follows flowlines in Mono Lake

the Mono Lake shoreline. These WBD

| | [

NHD Flowlines ;
shorelines were not used as wall features

NHD artificial path for the hydro-enforcement process

flowlines in Mono

Lake

Figure F-3: lake shorelines are used to define WBD boundaries.
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Explanation

HUC12 with no NHD flowline within
or intersecting it. ("empty" HUC)

—  VWBD drainage divides used as "walls" =
in the hydro-enforcement process . ..i

———— NHD Flowlines

..... Portion of HUC12 boundary removed
from wall features for the hydro-
enforcement process

=

Arrow pointing to the next downstream
A. HUC of an "empty" HUC.

Explanation

. WBD drainage divides used as "walls"
in the hydro-enforcement process . N

= NHD Flowlines
NHDPIlus catchment boundaries

NHDPIlus catchment that includes
all of the area of the two empty HUCs
shown in figure A (above) and the
downstream HUC with the flowline

B. shown in purple

Figure F-4a and F-4b: HUC12s may not contain aHjpRlowline features.
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Explanation

NHD Waterbody - Playa and — WBD drainage divides used as "walls"
map id in the hydro-enforcement process
NHD Flowlines e wv . . Portion of HUC12 boundary removed
from wall features for the hydro-
o  Playa sink feature used for the hydro- enforcement process
enforcement process and the o
catchment delineation source for \‘ Arrow pointing to the next downstream
an NHD Waterbody playa feature HUC

® Sink feature used in the hydro- Ll

enforcement process for a
terminal end of an NHD isolated
stream network

1 NHDPIus catchment for the NHD
playa feature labeled with the map
id of 1. The catchment includes
upslope areas from an "empty"
HUC12 and a HUC12 with flowlines
belonging to an isolated network.

NHDPIus catchment for the NHD
2 playa feature labeled as number 2

Figure F-5: A catchment for an NHDWaterbody plésature includes all of the area for an upslopetgrayC12.
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Explanation

[] Watershed Boundary Dataset —— Headwater flowline that extends into
(WBD) HUC12 boundary adjacent HUC12
= NHD Flowline Catchment for the headwater
flowline that extends into an
NHDPIlus catchment adjacent HUC12
boundary

Figure F-6: A headwater NHDFlowline feature extentto an adjacent WBD HUC12.
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Glossary

A

Artificial path A National Hydrography Dataset (NHD) flowline feedutype that represents a flow-path through a
waterbody in the surface water network of the NHD.

B

Burn Line — a line used to perform hydro-enforcement of EM during step 18 of the NHDPlusV2
Build/Refresh production. Burn lines are storedurnlineEvent feature class if they are NHDFlowlifeatures or
in BurnAddLine if they are additional lines whickeanot in NHDFlowline features.

C

Catchment The incremental drainage area for a linear hydioldgature found in the National Hydrography
Dataset (NHD).

Cumulative drainage areaThe catchment area for a specific flowline combiméth the catchment areas for all
upstream flowlines.

D
DEM - Digital Elevation Model. A raster (a grid ofusges) representing elevation.

DEM flow-path displacement The horizontal positional offset between a mappsshs in the NHD and that of a
synthetic stream derived from a digital elevatioodel.

Divergence-routed Accumulation— A method of accumulating attributes downstredomg the surface water
network features where the attribute is divided iportions at each flow split in the network, wh#re total of the
portions is 100%.
Drainage-area boundaryThe polygon that defines the perimeter of a draérega.

Drainage-area divideThe boundary line between two different drainageaaralong a topographic ridge.
F

Flowline A mapped stream segment or a path through a watgrimothe surface-water network of the National
Hydrography Dataset. The basic unit of the NHDdingsurface-water network.

NHDPIus Flow table (also PlusFlowA database table that contains the interconnecbetseen the NHD
flowlines.

G

Geographic Names Information Systems (GNISRA database that contains name and location infeomatbout
more than two million physical and cultural featutecated throughout the United States and itgdegs.

H

Hydrologic Unit The Hydrologic Unit system is a standardized cfasgtion system developed by USGS in the mid
1970s. Hydrologic units are area boundaries orgahiiz a nested hierarchy by size.

Hydrologic Unit Codes (HUC) — The Hydrologic Unit Coding system that sub-desdhe U.S. into progressively
smaller nested hydrologic units. The largest siwisidns are assigned a 2-digit code from 01 thiogg. 4-digit
codes sub-divide the 2-digit areas. 6-digit cosl@s-divide the 4-digit areas. This subdivisiontawues into 8, 10,
and 12-digit coded areas. Sd#p://pubs.usgs.gov/tm/tmlla3/

N

National Elevation Dataset (NED)A seamless elevation coverage of the conterminonitet! States, Hawaii,
Alaska, and the island territories.

National Hydrogaphy Dataset (NHD)A comprehensive set of digital spatial data reprtsg the surface water of
the United States using common features such as,|@londs, streams, rivers, canals, and oceans.

National Water Information System (NWIS) A principal repository of national water resourcdesa.
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NHDPIus An integrated suite of application-ready geospatathsets that incorporate many of the best feainfre
the National Hydrography Dataset (NHD), the Natldelavation Dataset (NED), the National Land Colataset
(NLCD), and the Watershed Boundary Dataset (WBD).

NHD Reach (also Reachi uniquely identified linear feature that consistoone or more flowlines.
R

Raster A digital computer format for representing an imagenapped data information. The structure consists
data stored in a rectangular grid array of pix8isionymous with grid.

Reach (also NHD Reachi uniquely identified linear feature that consistoone or more flowlines.
Reach codeA unique, permanent identifier in the National Hygiaphy Dataset.
S

SPARROW - a modeling tool for the regional interpretatmfwater-quality monitoring data. The model relates
stream water-quality measurements to spatiallyeefeed characteristics of watersheds, includingasomant
sources and factors influencing terrestrial andatiquransport. SPARROW empirically estimates thgio and
fate of contaminants in river networks and quagsifincertainties in model predictions. See
http://water.usgs.gov/nawga/sparrow/

Stream burning Using a mapped stream network to trench a DEM farave how accurately the DEM flow paths
match the streams, to ensure DEM-derived catchbmmtdaries fit the stream network.

Streamflow The volume of water flowing past a fixed point ifixed unit of time.
Stream segment (also see flowlin®art of a stream, often extending between tributanfluences
T

Total Upstream Accumulation — A method of accumulating attributes downstredon@ the surface water
network features where the accumulated value atN&ipFlowline feature is the total amount of theibtite that is
upstream of the network feature.

W

Walling Using a representation of the known drainage bauesl#o build up or mathematically warp a DEM to
improve how accurately catchment boundaries rejglikaown drainage boundaries.

Watershed Boundary Dataset (WBD)A base-line hydrologic drainage boundary frameweadgounting for all
land and surface areas of the United States.
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